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Introduction. 


In terms of the classical mineralogy it might well be thought that the 
ron and manganese oxide minerals offer little scope for fundamental 
research. From a narrowly descriptive viewpoint our knowledge of these 
minerals appeared to be largely complete at the end of last century. 
fo many at that time mineralogy seemed to be approaching the stage 
af a worked-out science. However, the advances in physical chemistry 
n the past forty years, especially in that branch dealing with the solid 
tate, have revolutionized and revitalized mineralogy. The determina- 
ion of crystal structures by means of X-rays, and the study of the 

utual relationships between the phases and components of a chemical 
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system have led to a new concept of a mineral species. The fundamente 
characteristic of a mineral is that it is an independent phase of a physico 
chemical system, occurring in the earth’s crust. Knowledge of atomie¢ 
structure has given a solid base to the idea of isomorphism, and the 
possibility of replacement of atoms of one element by atoms of another 
is now realized to be much greater than was formerly believed. The 
interdependence of physical chemistry and mineralogy has become 
more and more clear. It is still perhaps insufficiently realized, however, 
the important part mineralogical studies have to play in the elucidation 
of chemical reactions under conditions which we cannot reach in the 
laboratory. Not only are conditions of temperature and pressure iI 
nature often such that they cannot be reproduced in the laboratory, 
but the time factor plays an extremely important, if often overlooked, 
part. Equilibrium, sometimes slow to be reached in gaseous and liquid 
systems, in solid systems is often unattainable under the time limite 
tions of laboratory studies. Here investigation of minerals can often 
reveal that laboratory products, although apparently in equilibrium 
under normal conditions, are actually in a metastable state. 
It is thus clear that a sufficient knowledge of a mineral demands a 
sufficient knowledge of the physicochemical conditions under whick 
it can be formed and under which it can exist as a stable phase. With 
this in mind it is sobering to study a textbook of mineralogy and to see 
for how few species the above holds good. It is on these grounds that 
this study of the system FeO-Fe,0;-MnO-Mn,0O,; has been made, in 
the hope that it would result in a clearer insight into the different min- 
eral species and their interrelations, especially the limits of isomorphous 
replacement. In this way it has been possible to give a certain quanti- 
tative expression to the limits of the various species and to effect 
some simplification and clarification in the complicated nomenclature 
of this group, from which a dozen or more minerals have been described 
as individual species. Several of these so-called individual species have 
proved to be synonymous. At the same time it has been possible from 
the investigation of the minerals to extend the present knowledge of 
the phase relations between the different components in the system. 
Last, but by no means least important, an attempt has also been mad 


chemical features. 


By the nature of this investigation, much effort had to be given to 
a critical selection and interpretation of the mass of data — much of it : 
excellent, but much also of doubtful reliability — resulting from earlie 
investigations. The result is that a large part of the first half of this’ 
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paper, dealing with the individual components, is a survey with new 
work only where it seemed called for in order to elucidate doubtful 
points or to supplement the existing information. In this connection I 
believe I have covered the literature exhaustively, but the literature on 
the iron and manganese oxides is so extensive that it is out of the ques- 
tion to claim that nothing has been overlooked. In addition, the state 
of war in the past three years has largely prevented the interchange of 
scientific publications, so foreign developments in this subject since 
1940 are to a great extent unknown to me. 

The experimental work in connection with this investigation is de- 
scribed in the main body of the paper. A few words may, however, be 
inserted here on the X-ray methods used. Most of the X-ray work was 
by means of powder photographs, which were used for the identification 
of the different phases, for the determination of the relationships 
between lattice dimensions and composition in the various systems, 
and for the fixing of phase boundaries. The cameras used for making 
the powder photographs were of the Seeman-Bohlin focussing type as 
designed by Phragmén. Chromium radiation was employed. In routine 
work the accuracy of measurement of the lattice dimensions was 
-+- 0.1 %. This is sufficient for most purposes, and unless otherwise 
stated is the accuracy of the measurements given in this paper. When 
desirable, however, an accuracy of + 0.05 % was attainable by taking 
special precautions. 

All temperatures are in degrees Centigrade. 

A few words are also necessary on the conception of solid solution. 
As used in this paper this term is applied to two essentially distinct 
phenomena. The first is the classical solid solution, in which there is 
replacement of one atom by another of the same kind. This is exempli- 
fied by jacobsite, which is Fe,O, with some of the iron atoms replaced 
by manganese, and can be looked upon as a solid solution of Mn,O, 
in Fe,0,. The second is of the kind referred to as »solid solutions of 
Fe,0, in Fe,0,.» and similar cases where the numbers of atoms in the 
two phases are not the same. Here there is clearly no replacement 
of one atom by another of the same kind. Instead of a replacement 
there is a removal of iron atoms from the lattice of Fe,0,, thus leading 
to an excess of oxygen over the stoichiometric formula. Similarly 
wiistite, which always contains more oxygen than corresponds to the 
formula FeO, should not be regarded as a solid solution of Fe,O, in 
FeO, being actually FeO with a deficient iron lattice. A familiar 
example is pyrrhotite, which had long been looked upon as a solid 
solution of S§ in FeS, until X-ray studies showed that it has a struc- 
ture with empty lattice points. However, the term »solid solution» 
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is so familiar, and no alternative nomenclature is yet available for the 
second phenomenon outlined above, hence the use of the term in the 
two senses. A number of examples of this second phenomenon were 
discussed by Strock (102), and he refers to them as crystal structures 
with defect lattices. 


Before passing to the investigation itself, I should like to express 
here my gratitude to my friends and associates for the assistance and 
advice I have received from them. It is not possible to name them all 
here. However, first and foremost I am indebted to Professor Perey 
Quensel for the hospitality I have enjoyed in the Mineralogical Institute 
since I arrived here by accident of war nearly three years ago. Ar 
enjoyable excursion to Langban in his company led to this research, 
and his advice and suggestions have always been freely given me. 
Much of the results of this research are due to the use of X-ray methods 
and synthetic preparations; this part of the work was carried out in the 
Institute of Inorganic Chemistry, and my especial thanks are due to 
Professor Arne Westgren and to the staff of that institute, in particula 
Mr Anders Bystrém and Mr Sven Sahlquist, for their instruction and 
assistance in making and interpreting the large number of X-ray 
photographs taken during this and previous investigations. Discussions 
with Professor Westgren and Docent Phragmén have led to a cleare 
appreciation of the physicochemical problems involved in this investi- 
gation. My knowledge of ore-microscopical methods is entirely due te 
the careful instruction I have received from Dr. Olof Odman, whose 
time and experience were constantly at my disposal for this purpose. 
I would also express my thanks to Professor N. H. Magnusson for many 
fruitful discussions on problems of mineral paragenesis in general, and 
on the origin of the Swedish iron and manganese ores, especially Lang- 
ban, in particular. Not least would I acknowledge my indebtedness te 
Miss Anne-Marie Sjégren, assistant in the Mineralogical Institute, fo: 
much help; all the figures in this paper were drawn by her, and she has 
also done much secretarial work on the manuscript itself. 

Although most of the material investigated came from the collections 
of the Mineralogical Institute, many exceedingly useful specimens came 
from outside sources. Thanks to the willing cooperation of Professor G. 
Aminoff and Dr. N. Zenzén the collections of the Swedish Riksmuseum 
were always available to me; the Mineralogical Institute has also received 
much valuable material of foreign manganese ores from Professor P. 
Ramdohr and Professor H. Schneiderhéhn, which was at my dispos al 
for investigation, and which contributed largely to the completeness 
of the investigation. 
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Acknowledgement is also made in the text to a number of people 
who have helped me in particular ways. 

Finally this would not be complete if I did not mention the many 
<indnesses, not only in scientific matters, which have contributed to 
make my enforced stay in Sweden such a memorable one. 


The iron oxides. 


FeO — Wiistite. 


In discussing ferrous oxide it must first be emphasised that a stable 
solid phase with composition corresponding to the formula FeO does 
not exist. 

This was first discovered by R. Schenck and Dingmann (89) in 1927, 
who showed that the so-called FeO always contains less iron than this 
‘ormula requires; their results indicated that the existence range of 
she homogenous phase that had previously been considered as FeO was 
tom 75.76 % to 76.59 % Fe at 600° and widened with increasing tem- 
perature, being from 75.22 % to 77.33 % Fe at 1100° (for pure FeO 
He = 77.73 %). They named this homogeneous phase wiistite, and this 
1ame has established itself in metallurgical literature. More recent work 
1as largely confirmed the results of Schenck and Dingmann, differing 
nly in the extent rather than in the position of the wiistite field (Fig. 1). 
[he most thorough and satisfactory investigation of the wiistite solid 
solutions is that of Jette and Foote (46, 47), who fixed the homogeneity 
imits of this phase by means of X-ray studies and gave an adequate 
*xplanation of its structure. According to their results wiistite has the 
NaCl type of lattice common to a large group of compounds of the RO 
ype, i. e. the same structure as Wyckoff and Crittenden (127) had 
letermined for the compound which they believed to be pure FeO, but 
vhich was actually wiistite. Jette and Foote found that the lattice 
limensions of the wiistite solid solutions decrease rapidly with decrease 
n iron content, and came to the conclusion that the form of substitution 
f iron by oxygen in the theoretical FeO to give wiistite was complex, 
onsisting in the replacement of an FeO group by oxygen. Their results 
m the homogeneity limits of wiistite will be discussed later, under the 
ystem FeO-Fe,03. 

Thus the observations that have been published as purporting to 
efer to FeO in reality refer to this wiistite phase. In addition, however, 
yy far the greater part of the methods used for the preparation of 
errous oxide can be dismissed as not only valueless but also misleading, 
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Figure 1. The homogeneity limits of wiistite, according to different investigators. 
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the supposed ferrous oxide having generally been metallic iron, Fe,0, 
or mixtures of these with or without carbon. The preparation of a homo- 
geneous wiistite is troublesome, the most satisfactory method being 
the reduction of Fe,0, or Fe,O; with metallic iron, or the controlled 
oxidation of metallic iron by heating in air. The material sold commer- 
cially as ferrous oxide is Fe,O,, with or without admixed iron; this can 
readily be established by testing with a magnet, since wiistite is non- 
magnetic. 

According to Jette and Foote, the lattice dimensions of wiistite 
vary from 4.2722 A for a product containing 75.72 wt.% Fe to 4.3023 A 
for a product with 76.79 wt.% Fe (accuracy about + 0.001 A). By 
extrapolation of their measurements they gave the lattice dimensions 
for the theoretical FeO as 4.332 A. The values given by other investiga 
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tors for the lattice dimensions of FeO — 4.27 to 4.30 A — all refer to 
wiistite. 

Pure wiistite is brittle black solid, and, as mentioned previously, 
non-magnetic. It is practically insoluble in sulphuric acid and only 
slowly soluble in boiling hydrochloric acid. Polished sections are un- 
affected by the usual etching agents. The density, as measured by 
Jette and Foote, varies from 5.61 to 5.73. The figure 1370° is often 
given as the melting point of wiistite, but this is probably too low, on 
account of the presence of impurities, and according to Jette and Foote 
it does not begin to melt till over 1400°. 

Wiistite is unstable at ordinary temperatures, the reaction 


4FeO = Fe,O, + Fe 


proceeding to the right below 575° and to the left above this temperatu- 
re. Thus the triple point at which iron, wiistite, and magnetite are in 
equilibrium lies at 575°. By rapid cooling wiistite can be obtained at 
room temperatures, at which the rate of disintegration into Fe,O, and 
Fe is practically zero. Sufficiently slow cooling, however, results in the 
complete disintegration of wiistite. 

The occurrence of FeO, or rather wiistite, as a mineral has only once 
been indicated, by Brun in 1924 (10), who named it iozite. His descrip- 
tion is far from convincing, and has never been confirmed. According 
to him iozite often occurs in recent, iron-rich lavas, as swarms of minute 
granules up to 0.01 mm. in diameter surrounding microlites of felspar 
and pyroxene. However, the properties of iozite, especially its strong 
ferromagnetism, are not those of wiistite, but of magnetite, and it 
appears very probable that Brun’s iozite is actually magnetite, possibly 
with excess FeO in solid solution. The analyses on which Brun based 
his arguments for the presence of a mineral corresponding to FeO in 
his lavas were analyses made on the rock as a whole; he did not attempt 
to isolate his iozite in any way. He also believed that FeO and H,O 
cannot exist together at the temperature of solidification of a basic 
lava, and argued that the occurrence of iozite proved his contention 
that magmas must be »dry». Even this argument is erroneous, as is 
proved by the experimental results on the reaction 


Fe,0O, + H, 2 3FeO + H,0. 


It has been shown (Tigerschidld, 104) that at 1100° (the approximate 
temperature of basaltic magma) the equilibrium in this reaction lies to 
the right, the ratio H,O/H, being about 20/1. Wiistite is therefore quite 
stable in the presence of water vapour at this temperature. 
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Brun’s arguments are faulty and the evidence he presented for the 
occurrence of FeO (or rather wiistite) as a mineral is negligible. How- 
ever, the faultiness of his arguments does not necessarily deny the 
possibility of wiistite occurring as a result of natural processes. Shepherd 
(96) has shown that the gases from the basaltic magma at Kilauea 
consist largely of H,O, CO, Nz, SO., CO, and H,. Thus in the magme 


the following reactions will be of great importance: 


Fe,04 -f- he = 3FeO + H,O 
Fe,0, + CO = 3FeO + CO, 


At high temperatures equilibrium in these reactions lies so far to the 
right that the presence of H, or CO even in small concentration is suffi- 
cient to reduce the higher oxides of iron to FeO. It is therefore probab 
that in a basaltic magma the greater part of the iron is in the ferrous 
state. Usually, of course, the ferrous iron present is combined as silicate, 
but in iron-rich basalts it may be possible for a wiistite phase to be 
formed, especially in rocks low in titanium, which when present com- 
bines with the FeO. Wiistite, in solid solution with other monoxides, 
is known as a slag phase. However, the proof of the presence of such 
a phase in lavas requires a very different technique than that employed 
by Brun. To successfully show the presence or absence of such a 
phase requires the separation of a heavy fraction from the powdered 
lava and its examination by powder photographs to establish the 
phases present, and by chemical analysis to establish their com- 
position. For the present it may safely be said that wiistite is not 
known to occur as a mineral. 


Fe,0, — Magnetite 


Many oxides have been described with formulas between FeO and 
Fe,0;, but the only homogeneous phase is Fe,O,, known under the name 
magnetite, which has come to mean not only the natural mineral, but 
is quite generally understood to include the artificially prepared Fe,O, 
also. There is little reliable evidence for the occurrence of polymorphic — 
forms of Fe,O,, although there are some strange discontinuities in several 
curves with which energy is associated which require further investiga- 
tion. Schlaepfer and Niggli (91), in experiments on mineral synthesis; 
obtained some orthorhombic crystals which they thought were probably 
an unstable chrysoberyl modification of Fe,0,. However, it was in no 
way shown that the composition of these crystals was actually Fe,0,, 
and no further evidence for a chrysoberyl modification has been 
published. 
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It may therefore be said that only one form of Fe,0, is known to exist. 
This form is cubic, a member of the spinel group. Its crystal structure 
was one of the first to be investigated, being analysed independently 
in 1915 by Bragg in England and Nishikawa in Japan. Since then many 
workers have studied the structure of magnetite. The cubic cell contains 
8 Fe,0, molecules; measurements of the length of the cube edge vary 
from 8.36 A to 8.42 A, the best value being 8.38 A. 

Many elements may substitute either the divalent or trivalent atoms 
in Fe,Q,, and as a result pure magnetite is the exception and not the rule. 
It is astonishing to see the variation in the qualitative and quantitative 
data on the physical properties of magnetite; this variation is certainly 
only partly due to varying composition, inhomogenity of material and 
inadequate technique having had an important influence. Thus figures 
for the specific gravity vary between 4.9 and 5.3, if the obviously 
erroneous values are excluded; from the X-ray data the true specific 
gravity of Fe,O, must be close to 5.20. 

Many determinations have been made of the melting point of Fe,0,, 
but they are generally too low on account of the presence of impurities. 
The latest, and apparently the most reliable value is that of Greig and 
his co-workers at the Geophysical Laboratory (32). They state that 
magnetite, corresponding to the formula Fe,0,, melts to a liquid of 
the same composition at 1591°-++ 5° under a small but unknown 
pressure of oxygen. An increase in the oxygen pressure, with conse- 
quent increase in the oxygen content of the magnetite, is accompanied 
by a decrease in the temperature of melting; at constant pressure 
oxygen is taken up in the process. 

The most noteworthy, and at the same time perhaps the least un- 
derstood property of Fe,O, is its ferromagnetism. The characteristics 
of this ferromagnetism are well known, but a completely satisfactory 
and explanatory theory is still lacking. Magnetite loses its magnetism 
at high temperatures, the change from ferromagnetic to paramagnetic 
taking place at about 590°, the so-called Curie point. This change is 
not accompanied by any structural alteration. Acording to Hilpert 
and his co-workers (42) the magnetism of Fe,0, is connected with its 
chemical nature as a ferrous ferrite; they have synthesised many ferrites 
f different metals and have shown that all are ferromagnetic; apparent 
xceptions, such as the alkali ferrites, which are paramagnetic at or- 
inary temperatures, become ferromagnetic at low temperatures, their 
jurie points being below zero Centigrade. Hilpert therefore concludes 
hat the ferromagnetic properties of magnetite and the ferrites depend 
pon the presence of Fe,0; acting as an acid. The magnetism of magne- 
ite is certainly not directly dependent on its cubic symmetry, since 
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other ferrites have lower symmetry, being tetragonal and hexagonal. 
Hilpert’s explanation is satisfactory up to a point, but it fails to explain 
ferromagnetism in its entirety, since many other substances besides 
ferrites are ferromagnetic. Attempts have been made to derive the 
conditions for the occurrence of ferromagnetism on purely theoretical 
grounds, by the methods of quantum mechanics; in particular the 
theory of Heisenberg (38) has been much accepted, but although it can 
account for the ferromagnetism of iron and the related metals it does 
not appear to be fully applicable to compounds with other elements. 
It is not yet possible to state all the conditions which must be fulfilled 
in order that ferromagnetism will appear. Chemical composition, atomi¢ 
proportions, and lattice structure perhaps all play a part, but the 
determining factor is probably the distribution of the electrons within 
the molecule. 

Since Fe,0, is one of the most stable oxides of iron, magnetite occurs — 
in many terrestrial rocks and also in meteorites, being formed under a 
wide variety of circumstances. In general its presence is indicative of 
a high temperature of formation, although it is by no means absent 
from low-temperature deposits. The natural forms are rarely or never 
hydrated, although hydrates with one and with one and one-half mole 
cules of water have been prepared in the laboratory. The mutual rela 
tions between hematite and magnetite are of the greatest importance 
in the study of ore-deposits, but this question will be discussed later im 
the consideration of the system Fe,0,-Fe,O,. 


QD 


Fe,0; — Maghemite and Hematite. 


Many varieties of Fe,0; have been described, but only two distinct 
forms are definitely known. These are a-Fe,0;, which occurs in nature 
as the mineral hematite, and y-Fe.0;, which also occurs as a mineral, 
if much more rarely than hematite, and has been known under a variety 
of names, of which maghemite is the one generally accepted. 

The occurrence of two forms of Fe,0, is an instance of the genera 
phenomenon of polymorphism. Polymorphism is of two types, enan- 
tiotropy and monotropy. Enantiotropy is characterised by two poly- 
morphic forms being in equilibrium with each other at a definite and (at 
constant pressure) fixed temperature known as the transition point; 
one form is stable at temperatures above the transition point, the other 
at temperatures below this point; the transition from the form stable 
at temperatures below the transition point to the form stable above 
this point is accompanied by absorption of heat. Monotropy, on the 
other hand, is characterised by there being no transition point between 
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the two forms; under all conditions where both can exist the one form is 
always stable, the other always metastable. The transition from the 
metastable form to the stable form is accompanied by a decrease in free 
energy. Generally the specific gravity of the metastable form is less 
than that of the stable form. The characteristic distinction between 
enantiotropy and monotropy is that for enantiotropic forms the tran- 
sition from one form to the other is reversible, whereas for monotropic 
forms the change is irreversible, being always from metastable form to 
stable form, and never vice versa. 

It is evident, on going through the literature, that the significance 
of the relations between the two forms of Fe,0,, whether enantiotropic 
or monotropic, has not been fully appreciated. However, a consideration 
of the evidence shows that y-Fe,O, is a metastable form, and a-Fe,0, 
the stable form. Many investigators have given a transition point for 
the change from y-Fe,0, to a-Fe,0;, but the temperature of this supposed 
transition point has varied widely, from a little over 200° to 700° and 
even 800°. The supposed transition point has merely been the tempera- 
ture at which the rate of change has become noticeable, and this tem- 
perature is largely dependent on the previous history of the sample, 
its method of preparation, and the presence or absence of impurities. 
The presence of small amounts of foreign substances may either stabilize 
the metastable y-Fe,O; or accelerate its change to the a-form. The 
change from y-Fe,O, to a-Fe,O; is accompanied by evolution of heat, 
a phenomenon noticed already by Berzelius in 1820 (7, p. 54), although 
the nature of the change was not then understood. Berzelius remarked 
that Fe,0;, prepared by the dehydration of the precipitated oxide, 
when heated showed calorescence or heat evolution, and that after 
calorescence the oxide was less attacked by acids, and less reactive 
chemically, but that the change was not accompanied by any change of 
weight. This calorescence has been described many times since, and vari- 
ous explanations have been put forward for it, but the true nature of 
the change is that it is the irreversible transition from y-Fe,0, to a- 
Fe,0;. Mixter (64) considered that this change was a polymerization, 
and from thermochemical measurements evaluated the evolution of 
heat accompanying the change to 9000 calories per mol, which he called 
the heat of polymerisation. Confirmation of this figure is given in a 
recent paper by Fricke and Zerrweck (27), who state that under com- 
parable conditions the heat content of y-Fe,0, is at least 6000 calories 
greater than that of a-Fe,0,. 

The lack of agreement between the temperatures given by different 
investigators for the transition y-Fe,0, to a-Fe,0, already suggests 
that the two forms are not enantiotropic, but monotropic, and this is 
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confirmed by the irreversibility of the process. Iimori (43) is the only 
person who has claimed to have observed a reversible transition from 
y-Fe,0, to a-Fe,0;. He studied the oxide film formed on iron at different 
temperatures by the method of electron diffraction, and states that there 
is a reversible transition at 330°. However, if this oxide film was heated 
above 350° he was unable to reverse this process. His description is 
hardly convincing, especially in the face of all other investigations which 
have not observed any such temperature of reversible transition. 

On the grounds of the irreversibility of the process and the impos- 
sibility of preparing y-Fe,0, from a-Fe,0, directly one would be justified 
in considering the two forms as monotropic. Combined with the fact that 
y-Fe,0; changes to a-Fe,0, with evolution of heat and that the density 
of the y-form is considerably less than that of the a-form the evidence 
for the metastable nature of the y-form is conclusive. Thus at all tempe- 
ratures a-Fe,0, is the only stable form of ferric oxide. However, at 
ordinary temperatures the rate of inversion of y-Fe,O; is so vanishingly 
slow that it can easily be prepared and studied and can even occur as 
a mineral — maghemite. 

y-Fe,0; has had a chequered history, having been observed, described, 
forgotten, and rediscovered several times over. Its existence has been 
doubted, since its most characteristic difference from a-Fe,O3;, the strong 
ferromagnetism, has been ascribed by sceptics to the presence of ferrous 
iron in the form of magnetite. As mentioned above, Berzelius had ob- 
served the evolution of heat when y-Fe,O; inverts to the a-form, al- 
though he did not realize the nature of the process. In 1838 von Kobe 
(112) recorded the fact that the mineral now known as lepidocrocite* 
became magnetic on heating. In 1848 Pliicker (82) prepared a ferro- 
magnetic iron oxide, evidently y-Fe,0;, by heating an artificially pre- 
pared ferric hydrate — Pliicker’s measurements showed that its magnet- 
ism was 15204 against 40227 for Fe,O, and 533 for hematite from Elba. 
The existence of a ferromagnetic ferric oxide, quite free from ferrous 
iron, was first proved by Robbins in 1859 (85), who prepared it by 
the oxidation of Fe,0,. This discovery was later made independently 
by Malaguti in France (56), who determined the density of the ferro- 
magnetic form as 4.686, whereas the density of the usual form of Fe,O, 
was 5.144 — values in good agreement with those accepted at the present 
day. The occurrence of a ferromagnetic ferric oxide was observed by 
Jater investigators — thus Liversidge (54) noted that iron rust often 


1 There has been considerable confusion in the nomenclature of the ferric oxide 
hydrates, the mineral here referred to as lepidocrocite being more correctly goethite 
in the original sense of this name. However, I here follow the usual practice, using the 
name lepidocrocite for the mineral corresponding to the artificial y-FeOOH (Ger. Ru- 
binglimmer), goethite for a-FeOOH (Ger. Nadeleisenerz). 
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consisted largely of this substance, and that its specific gravity was 
much lower than that of hematite or magnetite, and Hilpert (41) again 
showed that the ferromagnetic oxide prepared by the oxidation of 
Fe,O, and Fe(OH), did not contain ferrous iron. However, it was not 
until 1925, when Sosman and Posnjak published the results of their 
investigations (101), that the true nature of ferromagnetic ferric oxide 
as a polymorphic form of Fe,O, was finally established. They described 
various ways of preparing y-Fe,O, (independently rediscovering its 
formation by the heating of lepidocrocite) and were the first to record 
its occurrence as a mineral, in a specimen from a gossan deposit at 
Tron Mountain, Shasta County, California. They studied its physical 
properties, and, most important of all, showed by powder photographs 
that its structure must be practically identical with that of magne- 
tite, and thus that it was quite distinct from a-Fe,0,, hematite. 
Since the publication of Sosman and Posnjak’s paper, y-Fe,O, has been 
the subject of intensive investigation, and the literature on it is now 
large. 

It has been found that y-Fe,O; can be prepared in many ways. It 
is obtained when Fe,O, or Fe(OH), is oxidized under suitable conditions, 
either by heating in air or oxygen or when treated with oxidizing agents; 
by the decomposition on heating of certain iron salts, and, as mentioned 
above, by the heating of lepidocrocite or artificial y-FeOOH (goethite, 
a-FeOOH, when heated is converted directly to a-Fe,0;); and by 
burning Fe(CO);. It is also formed in the iron arc, and Caglioti and 
D’Agostino have shown that Fe,0; aerogel consists of y-Fe,0, (12). 
Michel (61) found that it was formed by the decomposition of unstable 
ferrites. The primary oxide film on heated iron is said to be y-Fe,0; 
(Miley, 62). As the previous discussion showed, it is impossible to pre- 
pare it directly from a-Fe,0,. For some experiments in connection with 
this investigation it was prepared by precipitating a hot strong solu- 
tion of FeSO, with a slight excess of NaOH, washing the precipitate 
with hot water until free from sulphate, and heating it in a drying oven 
with free access of air at 165° for 24 hours. The product was a yellow 
brown powder, strongly magnetic; powder photographs confirmed that 
it was y-Fe,0;, the cell edge being 8.325 A. 

As soon as it was realized that y-Fe,0, has a structure very similar 
to that of magnetite attempts were made to find out the positions of 
the atoms in the unit cell. Since the X-ray diffraction patterns of 
magnetite and y-Fe,0, are practically identical it was thought that the 
problem consisted of fitting in four extra oxygen atoms in the magnetite 
unit, according to the scheme: 


unit cell Fe,0,: FeO. + 40 — FeO. : unit cell y-Fe,Os. 
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accomodated. However, there are strong objections to such a structure; 
firstly it is difficult to see how four extra oxygen ions, with their large 
radius, could be fitted into the already close-packed structure of magne 
tite; secondly it gives rise to the improbable coordination number 5; 
and thirdly the density of y-Fe,0,, instead of being less, should actually 
be greater than that of a-Fe,O;. A structure of y-Fe,0, free from these 
objections was published independently and almost simultaneously 
from three sources in 1935: by Higg (35), Verwey (107), and Kordes 
(50). All came to the same conclusion: the excess oxygen in the spinel 
lattice of y-Fe.0, compared to Fe,0, is due to empty Fe positions, 
1/, of the metal positions in the magnetite lattice being vacant in y-Fe,0, 
Thus the unit cell content of y-Fe,0; is not Fe..O5., but Fe,,,,, Oye. 
Higg showed that the oxidation of Fe,O, to y-Fe,0; is a continuous 
process, the cell edge decreasing continuously from 8.380 A for Fe,O, te 
8.322 A for y-Fe,O;, the measured density decreasing at the same time 
from 4.78 to 4.59. The calculated density for y-Fe,0, from the X-ray 
measurements is 4.88, that of Fe,O, 5.20. The structure proposed by 
Hage, Verwey, and Kordes is in good accord with both X-ray and phys 
ical data and is undoubtedly correct in principle, although recently 
Haul and Schoon (36) have observed a number of weak additions 
reflections in powder photographs of y-Fe,03, which they suggest 1 
dicate either a lower symmetry or a larger unit cell than has been adopted 
for this substance. A possible explanation is also that the vacant posi 
tions are regularly arranged in the lattice. 

In the last fifteen years the chemical and physical properties of 
y-Fe,0, have been intensively studied, and an immense mass of infor- 
mation has been collected. Most important from a mineralogical point 
of view is undoubtedly its temperature of formation and the temperature 
at which it changes irreversibly to a-Fe,Os, i. e. its region of relative 
stability. On these points, however, the published observations differ 
greatly and are often mutually contradictory. Most of the mutual 
contradiction is due to lack of appreciation of the monotropic character 
of y-Fe.0; — instead of having a fixed stability field it is unstable under 
all conditions, but its relative instability can be powerfully influenced 
by the method of formation, the past history of the specimen, and the 
presence or absence of impurities. Thus Welo and Baudisch (122) found 
that y-Fe,0; is unstable at 285°, inverting in two hours to the a-form, 
and state that the inversion takes place slowly at 250° and extremel 
slowly at 200°, but can still be detected. Sachse and Haase (88) found 
that ageing has a profound effect on the inversion, a preparation of 
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y-Fe,0; which had been kept for four years having much weaker magnet- 
ism than the freshly prepared substance, indicating that it can invert 
slowly at ordinary temperatures; on heating, the aged material inverted 
much more rapidly at a given temperature than the freshly prepared 
substance. The inversion thus appears to be autocatalytic. For an 
individual preparation the speed of inversion increases with the tem- 
perature, but observations on the half-life period of one specimen at a 
certain temperature cannot be used to calculate the half-life period of 
any other specimen. The presence of foreign substances has an enormous 
effect on the stability of y-Fe,O,. Thus Michel (61) found that y-Fe,0,; 
can be heated to temperatures above 700° without inverting to the 
a-form, if it is stabilized by the presence of small amounts of basic 
oxides, such as BeO, MgO, NaOH, and KOH. He was able to measure 
the Curie points of these stabilized preparations, and by extrapolation 
to find that the Curie point for pure y-Fe,0, lies at 675°. This determi- 
nation of the Curie point of y-Fe,O, is of great interest for the discussion 
of the magnetic properties of a-Fe,0; (p. 118). 

Since y-Fe,0, has a much lower specific gravity than a-Fe,O; it is 
to be expected, from Le Chatelier’s principle, that pressure would pro- 
mote the formation of a-Fe,0;. This has been confirmed experimentally 
in an interesting way by Baudisch (4). He heated two samples of y- 
FeOOH under the same conditions at 240°, one sample in an open pyrex 
tube, the other in a sealed pyrex tube. The product in the open tube 
was y-Fe,O;, the product in the sealed tube a-Fe,0;. The pressure of the 
water vapour produced by dissociation of the FeOOH was sufficient 
to cause the formation of the a-form in the sealed tube. In the same 
paper Baudisch gives a summary of the contrasted properties of a-Fe,0; 
and y-Fe,0,. The differences are great, both chemically and biologically, 
y-Fe,0, being much more reactive. In particular, y-Fe,0, shows re- 
markable catalytic effects, especially in oxidation-reduction reactions. 

Turning now to the mineralogical aspects, the occurrence of y-Fe,0; 
as a mineral was first mentioned by Sosman in 1917 in an address to 
the Chemical Society of Washington (100), but a full description of this 
discovery (with analysis) was first published in Sosman and Posnjak’s 
paper on ferromagnetic ferric oxide in 1925 (101). They were fully aware 

that they were dealing with a new mineral species, but as their material 
was not very pure, containing only 85.3 % Fe,0,, they refrained from 
naming it, in the expectation that more and better material would be 
forthcoming from other localities. They had not long to wait; in 1927 
Wagner, in a letter to Economic Geology, announced the discovery of 
very large quantities of this substance in the so-called titaniferous 
magnetite segregations in the upper part of the norite zone of the 
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Bushveld Igneous Complex in the Transvaal, and proposed the name 
maghemite for the mineral (113). In the following year, in a publication 
on the iron ores of South Africa, he gave a more detailed description, 
with chemical analyses, of the Bushveld maghemite (114). He sent 
specimens to Schneiderhéhn, who confirmed the identity of maghemite, 
and also pointed out the presence of intimately intermixed ilmenite 
both as irregular grains and as minute oriented lamellae. The maghemite 
was the a ee of the alteration of magnetite, the original material 
having been an unmixed titanomagnetite. The chemical analyses of 
the Bushveld maghemite all showed a considerable content of FeTiO,, 
due to the ilmenite inclusions. ' 

Later Walker (115) investigated a specimen of maghemite from 
Bon Accord, Transvaal (also in the Bushveld complex), and had a new 
analysis made. This analysis was similar to those published by Wagner, 
and also showed the presence of a considerable quantity of titanium. 
Although the analysis could be satisfactorily interpreted on the assump 
tion that the analysed material was a mixture of Fe,O0, and ilmenite, 
Walker assumed, without giving any acceptable reason for this assump- 
tion, that the titanium was present as Ti,Q, in solid solution with Fe,O, 
Apparently he was strengthened in this belief by the examination of a 
polished section of his material by Professor Thomson, who reported 
that 95 % of the opaque material, apart from limonite, was made up 
of a single mineral which was definitely anisotropic. On these grounds 
Walker gave the formula for this mineral as (Fe, Ti),O; and suggested 
that Wagner’s name maghemite should be applied to a substance of 
this composition rather than to ferromagnetic ferric oxide, y-Fe,Os. 

It is difficult to understand Walker’s presentation, and especially 
the microscopical report of Professor Thomson. I have examined polished 
sections of specimens from the same locality as Walker’s material in the 
collections of this institute, and can in no way confirm Professor Thom 
son’s results. The results of this examination agree fully with those of 
Schneiderhéhn published by Wagner, namely that the mass of the 
specimens consists of an isotropic mineral — maghemite — in which 
occur irregular grains and minute oriented lamellae of ilmenite. The 
lamellae of ilmenite are so small that they are very easily overlooked, 
and Thomson may well have done so, but according to my observations 
the maghemite is in no way anisotropic. The amount of ilmenite in the 
polished sections would account for the titanium in Walker’s analysis 
although I do not wish to deny the possibility of at least a part of the 
titanium being present in solid solution in the maghemite. However 
the determining factor is that this maghemite gives a powder photo- 
graph quite identical with that of artificial y-Fe,0,, with a cell edge 
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of 8.32 A. There is thus no doubt that Wagner’s maghemite is identical 
with y-Fe,0,, and Walker’s proposal to transfer Wagner’s name from 
naturally occurring ferromagnetic ferric oxide to a hypothetical 
(Fe, Ti),O, is inadmissable, quite apart from consideration of the laws 
of nomenclature. 

Maghemite has now become accepted as the name for the naturally 
occurring y-Fe,0;, but not without opposition. Schneiderhéhn and 
Ramdohr, who thoroughly discussed this mineral in their »Lehrbuch 
der Erzmikroskopie», considered maghemite an unsuitable name on the 
grounds that it suggested a magnetic hematite, and would have pre- 
ferred to callit sosmanite, but bowed to the laws of priority and adopted 
the name maghemite. Not so Winchell, however (125); he rejected maghe- 
mite as either indicating a substance between magnetite and hematite 
(homogeneous substances of this kind are unknown!) or hematite which 
had become magnetic, and instead would call it oxymagnite, an ab- 
breviation for »oxydized magnetite». Apart altogether from the fact 
that Wagner clearly stated that name maghemite was intended for 
the naturally occurring y-Fe,0, and that it would be a gross and un- 
necessary breach of priority to rename it oxymagnite, Winchell’s name 
can be justifiably rejected on the grounds that natural y-Fe,O; can 
be formed not only by the oxidation of magnetite, but also by the de- 
hydration of lepidocrocite. 

A considerable literature has grown up during the past few years 
on the occurrence and properties of maghemite. The most recent general 
paper is that by Newhouse and Glass published in 1936 (70). These 
investigators published several new analyses of maghemite from diffe- 
rent localities, and from powder photographs showed that maghemite 
has a cell edge close to that of artificial y-Fe,O, (8.32 A), and distinctly 
lower than that of magnetite (8.38 A). Newhouse and Glass come to 
the curious conclusion that the ferromagnetic ferric oxide originally 
described by Sosman and Posnjak (101) from Iron Mountain, California, 
is not identical with maghemite, although it is undoubtedly naturally 
occurring y-Fe,0,, with a cell edge of 8.30 A. The reason for this decision 
seems to rest on a certain difference in colour and hardness of the Iron 
Mountain material as compared with maghemite from other localities, 
differences insufficient to outweigh the evidence from X-ray and 
chemical investigations. 

The analyses that have been published of maghemite all show Fe,0; 
as the principal component. FeO is often present; often, especially in 
specimens from the Bushveld occurrences, it is probably combined 
with the TiO, present as ilmenite; it may also be present as remnants 
of magnetite, but it is possible that in some cases it is present in the 
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homogeneous y-Fe,0,, as the oxidation of Fe,0,, as Higg (35) has show 
is a continuous process. It is therefore conceivable that all stages in 
the oxidation of magnetite to maghemite may occur, and therefore 
that the optical properties as seen in polished section would also va 
continuously from magnetite to maghemite. So far such intermediate 
substances have not been certainly recognized; identification woule 
probably be difficult, although measurement of the cell dimensions woulé 
be a reliable method, as the length of the cell edge decreases considerably 
from magnetite to maghemite. The X-ray measurements should be 
supplemented by chemical analysis, as the cell dimensions of magnetite 
can also be lowered by the presence of other elements replacing iron 
although most replacement in magnetite — by manganese, zinc, tita- 
nium, — results in an increase in the size of the unit cell, and replace- 
ment by magnesium has little effect, since the cell edge of MgFe,O, is 
about 8.36 A, within 0.02 A of that of pure magnetite. This possibili 
of the occurrence of partly oxidized magnetite may account for some 
the contradictory statements as to the appearance of magnetite i 
polished sections. 

As well as the FeO shown in analyses of maghemite, TiO, is al: 
often present, usually in combination as ilmenite, but it is possible 
that titanium in solid solution in magnetite may remain in solid solutio 
under the oxidation to maghemite, and thus be present in homogeneo 
maghemite. Apart from the Bushveld occurrences, however, the tit 
nium content in analyses of maghemite is generally rather low. Som 
analyses also show small amounts of MgO and Al,O;, and H,0 is ofte 
present up to 3 % or more. As maghemite is usually a product 
supergene processes and is nearly always accompanied by limoni 
(limonite is here used in the sense of ferric oxide hydrates withou 
attempting to distinguish between goethite, lepidocrocite, and 
amorphous substances) the water may be adsorbed or combined i 
the limonite. 

Of the different physical properties of maghemite, the specific gravi 
is one of the most distinctive, being much lower than that of the oth 
oxides of iron. The specific gravity calculated from the cell dimensions 
is 4.88, against 5.20 for magnetite and 5.25 for hematite. Maghemite 
is often rather mixed with foreign material, and as a result the recorded 
specific gravity varies considerably. The following figures are repre- 
sentative: From Bushveld, 4.41, 4.50 (Wagner, 114), 4.70 (Walker, 115); 
Alameda County, California, 4.62 (Walker, 116). The identification of 
maghemite in polished sections is fully discussed by Schneiderhéhn ant 
Ramdohr (93). 

An interesting sidelight on maghemite is the discovery that lodeston 
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(in the sense of a naturally occurring polar-magnetic substance) often 
consists largely of this mineral.’ This was first pointed out by Newhouse 
(68) in 1929 (although his description of the appearance of the mineral 
in polished sections is difficult to understand when compared with later 
observations). Two years later Walker (116) went into the occurrence of 
polarmagnetic iron oxides more deeply, and from the analyses of eight 
specimens of lodestone was able to draw the conclusion that lodestones 
contain a considerable excess of Fe,O, over the formula of magnetite, 
and that the strongest lodestones show the greatest excess. Lodestones 
also showed a lower specific gravity than magnetite. Walker concluded 
that as the strongest lodestones contain the greatest excess of ferric 
oxide it was probable that this excess is present in the form of ferro- . 
magnetic ferric oxide, and that the polarity is a function. of the percen- 
tage of this substance. Although this conclusion may not be perfectly 
general, it is certainly true that many specimens of maghemite from 
different localities show strong polar-magnetism. 

Maghemite has now been recorded from a number of localities, and 
it is possible that it is not uncommon, but is often wrongly identified as 
magnetite or hematite. Search of the literature gives the following 
occurrences: Iron Mountain, Shasta County, California, in a gossan depo- 
sit (Sosman and Posnjak, 101); in the upper part of the norite zone in 
the Bushveld Igneous Complex, Transvaal, replacing magnetite (Wag- 
ner, 113); from Durant, Oklahoma, an iron ochre of unknown origin 
(Shannon, 95); »Martite» from Cerro Mercado, Durango, Mexico (Shan- 
non, 95); Alameda County, California, replacing magnetite (Newhouse 
and Glass, 70); Windpass Mine, British Columbia, replacing magnetite 
(Newhouse and Glass, 70); Magnet Cove, Arkansas, replacing magnetite 
(Newhouse and Glass, 70); replacing magnetite in lavas from the following 
localities: in weathered shonkinite, Katzenbuckel (Schneiderhéhn and 
Ramdohr, 93); in nepheline and melilite-bearing lavas, Mt. Elgon, 
British East Africa (Odman, 72); in anorthoclase trachyte from Arfer- 
tuarsuk Fjord, West Greenland (Nieland, 71); in basalt from Katzen- 
buckel (Nieland, 71); and in trachyte from various localities (Newhouse, 
69). Frebold and Heseman (26) claimed to have observed maghemite 
in the Devonian iron ores from the Harz and Siegerland, but, as Schnei- 
derhéhn and Ramdohr pointed out, their description is so obscure, and 
their observations, both as to physical properties and paragenesis, differ 
so greatly from those of genuine maghemite that this occurrence cannot 
be accepted. 

On going through some of the older literature on the natural occur- 


1 Many occurrences of lodestone have apparently been called magnetite merely on 
ecount of their magnetic properties, not having been analysed. 
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rence of the different iron oxides I have noticed a number of instance 
where maghemite was evidently met with. Thus in 1902 Rinne (84 
wrote a short paper on a »Magneteisenerz» which he had observed o 
the island of Luzon in the Philippines; it was polarmagnetic, and 
evidently a weathering product. Rinne called it magnetite because 
its magnetic properties, no analysis being made. A very similar occur 
rence was described from Surinam (Dutch Guiana) by Voit (111); thi 
was a lateritic iron ore which often contained magnetic material, sup- 
posed by Voit to be magnetite, although all his analyses show onl 
Fe,0;. Kosmann (51) discovered a limonitic iron ore near Frankenstei 
in Silesia which was strongly magnetic, and at first suspected that th 
magnetism was due to the presence of ferrous iron, but then had th 
material analysed and found no trace of FeO. He was convinced that thi 
magnetism must be due to a peculiar molecular grouping, but did not 
pursue the investigation further. A magnetic iron oxide which was evi 
dently maghemite was recorded by Merrill in 1902 as a weatherin 
product on the Admire meteorite found in Lyon County, Kansas (60) 
His description is interesting in that he was evidently the first to o 
serve the appearance of maghemite in polished sections; he writes: 
»The first product of the oxidation of the iron is not limonite, but a 
highly lustrous — on polished surfaces, blue — material which crushes 
down readily to a fine brown magnetic powder». It is probable that 
maghemite will be found to be relatively common as the product of 
weathering of meteoric and terrestrial irons, as the rusting of iron and 
steel often results in the formation of y-Fe,O 3, as was first pointed out 
by Liversidge (54).2 
Already from what is known of the stability relations of y-Fe,O; it 
is possible to draw some definite conclusions as to the mode of origin 
and probable occurrence of the natural mineral. As y-Fe,O, is a metas 
able form with respect to a-Fe,O,, it is clear that maghemite cannot 
be formed directly from hematite, but must be derived from other iron 
compounds, On the other hand, under suitable conditions of temperature 
and pressure maghemite readily inverts to hematite. Thus it is hardly 
possible for maghemite to occur as an original mineral in medium te 
high-temperature deposits. Maghemite appears generally to have been 
formed from magnetite; whether by direct oxidation or via hydrated 
compounds such as lepidocrocite is difficult to decide in most cases. 
The almost never-failing association of maghemite with limonitie 
material suggests that hydration and oxidation work together; howeve 


* In this connection an examination was made of the oxide formed during the disi 
tegration of a specimen of the native iron from Ovifak preserved in the Mineralogic 
Institute here. However, the oxide was not maghemite, being quite non-magnetic. Powd 
photographs showed that it was not hematite. Presumably it was a hydrated oxid 
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studies on artificial Fe,O, show that it can be easily oxidized directly 
to y-Fe,0;, so that it is presumably equally possible for magnetite to 
oxidize directly to maghemite. In so far as maghemite is formed from 
lepidocrocite, its formation is controlled by the conditions determining 
the formation of lepidocrocite. It has been found that the formation of 
y-FeOOH, the artificial substance corresponding to the mineral lepido- 
crocite, is largely dependent on the hydrogen-ion concentration, being 
formed only in weakly acid solutions (pH 2—6.5). Presumably the same 
limitation holds for the formation of the mineral, which may be reflected 
in the comparative rarity of lepidocrocite compared with goethite. 

The natural origin of maghemite is in the zone of oxidation and 
weathering at the earth’s surface. The only occurrence which at first 
sight may conflict with this is that in lavas, where it has possibly been 
formed by hydrothermal solutions. Odman (72), in the description of 
the maghemite from the lavas of Mt. Elgon, has pointed out the practical 
impossibility of distinguishing between the effects of thermal waters 
and those of strong atmospheric weathering. A hydrothermal origin for 
maghemite is certainly possible, but it must have been at relatively 
low temperatures and pressures. All the facts indicate that maghemite 
could not survive metamorphic processes of any intensity, and it is 
therefore most unlikely that maghemite will be found as a surviving 
mineral from the more ancient geological periods; still, the possibility 
of stabilization by small quantities of foreign material must not be over- 
looked, even if improbable under geological conditions. 

_ Before leaving the subject of maghemite it is perhaps desirable to 
take up its relationship to martite. Since martite is pseudomorphous 
after magnetite it might be thought that this term can be used to cover 
maghemite also. This, however, is not so; the original martite was a 
pseudomorph of hematite after magnetite, and genuine martite is thus 
hematite, not maghemite. The conversion of magnetite to hematite, often 
known as martitisation, is a distinct process from that which gives rise 
to maghemite. In polished sections it is generally easy to distinguish 
between the change from magnetite to hematite and that from magne- 
tite to maghemite, apart altogether from the distinct optical differences 
between hematite and maghemite; martitisation usually follows the cry- 
stallographic directions in the magnetite, spreading along the octahedral 
planes from grain boundaries, cracks, and twinning lines, whereas con- 
version to maghemite appears to be completely independent of the 
erystallographic form. Perhaps this distinction reflects the difference in 
the nature of the two processes; the oxidation of magnetite to hematite 
must be discontinuous, whereas the oxidation of magnetite to maghe- 
mite can be a continuous process, oxygen atoms being continuously 
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added to (or rather iron atoms being continuously removed from) the 
crystal lattice of magnetite. In this connection it may be, mentioned 
that the change from magnetite to maghemite appears to be especially 
a feature of weathering under tropical conditions, but this may merely 
be due to the greater intensity of the weathering processes under these 
conditions. . 

To turn now to a-Fe,O,; and hematite. Little need be said here, 
although a-Fe,0, is probably the most abundant of the iron oxides, 
as most of the features of this substance are thoroughly dealt with in 
the standard works of chemistry and mineralogy. As for Fe,O,, one is 
struck by the variable and even contradictory results reported by 
different workers for the properties of Fe,0;. This feature may be 
explained by experimental error, impurity or inhomogeneity of the 
material used, or a lack of understanding of the true nature of the 
substance. For example, many temperatures, ranging from 1300° te 
nearly 1600°, have been reported for the melting point of Fe,O,; actually 
Fe,0,, when heated in air, dissociates into Fe,O, and oxygen at about 
1390°, and at best the so-called melting points are simply the melting 
points of magnetite containing some residual Fe,0;. The melting poin 
of hematite under sufficient pressure to prevent its dissociation has no 
yet been determined, but it probably lies between 1700° and 1800°. 

A part of the apparent contradiction in data on Fe,0; may be ascribed 
to ignorance or lack of understanding of its occurrence in two poly- 
morphic forms. Some of the methods used for preparing Fe,0, for in- 
vestigation have undoubtedly led to the formation either of the y-form 
or mixtures of this and the a-form. 

Confusion is especially marked with respect to the magnetic properties 
of a-Fe,0;. It has mostly been described as paramagnetic, the ferro 
magnetism reported by some workers being put down to the presence 
of intermixed magnetite or other ferrites. However, other investigators 
have stated positively that a-Fe,0, even when quite free from Fe,Q, is 
ferromagnetic; thus Chaudron and Forestier (14) even determined the 
Curie point of a-Fe,0, and found that it was at 675°, considerably higher: 
than that of magnetite (590°). This might be considered to settle to 
question, were it not for the recent experiments by Michel on y-Fe,0; 
stabilized by the addition of small amounts of sodium ferrite (61). 
He found that the (extrapolated) Curie point for y-Fe,O; was exactl A 
at 675°! The supposed ferromagnetic character of a-Fe,0, is thus 
very doubtful, since a small amount of y-Fe,O; in the material in- 
vestigated by Chaudron and Forestier would suffice to explain their 


results very well without the necessity of ascribing ferromagnetic pro- 
perties to a-Fe,O,. 
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Hematite, the mineral form of a-Fe,0,, is extremely common and 
videspread. Reliable analyses on homogeneous material generally give 
} composition close to that of pure Fe,0;. The extensive substitution of 
ron by other elements so characteristic of magnetite is not a feature of 
iematite. Ramdohr (83) showed that hematite is capable of dissolving 
arge amounts of FeTiO, at higher temperatures, but that this FeTiO, 
s generally thrown out of solution again on cooling, the solubility at 
rdinary temperatures being rather small. Apart from titanium, the only 
ther foreign element present in homogeneous hematite in any amount 
$ magnesium, which is probably also present as dissolved MgTiO. 
Many analyses of hematite show a minor content of FeO; however, 
ecent investigations have shown that solid solution of Fe,;0, in a-Fe,O, 
s very small, so that even minor amounts of FeO in an analysis are 
robably to be ascribed to intermixed magnetite. Magnetite accompanies 
lematite very frequently, and unless the analytical material has been 
arefully examined under the ore-microscope and shown to be free 
rom magnetite, a content of FeO is almost certainly due to this mineral. 
Magnetite-hematite relations will be more thoroughly discussed in the 
1ext section, dealing with the system FeO-Fe,03. 


The system FeO-Fe,03. 


The system FeO-Fe,O0,; is probably the most important metal oxide 
system known to man. A knowledge of the phase relations in this system 
s essential to the mineralogist and economic geologist who has to deal 
vith iron ores, and is absolutely vital to the metallurgist who has to 
xtract the metal from these ores in the most advantageous way. Yet 
t is only in the past twenty years that sufficient observations have been 
nade to erable the drawing-up of a phase diagram which even today 
s only reliable in its most essential features. This is of course largely 
lue to the serious practical difficulties which are inherent in a systematic 
nvestigation of the iron oxides; partly on account of the difficulty of 
sontrolling the degree of oxidation, and partly because of the lack 
of a suitably inert enclosing material which can withstand the attack 
it high temperatures of these chemically aggressive oxides. Nevertheless, 
pur knowledge of this system has grown so much in these twenty years 
shat future corrections will probably be more in the nature of changes 
n detail rather than in principle. 

The first phase diagram for this system was published by Benedicks 
and Léfquist in 1927 (5, 6). They built it up by the careful selection 
and correlation of isolated data from many earlier investigations. The 
publication of this diagram apparently had a stimulating effect on 
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researches dealing with this system, as since that time several new 
diagrams have been published covering the whole or part of the system 
— by Pfeil (81), Mathewson, Spire, and Milligan (58), H. Schenck and 
Hengler (90), Vogel and Martin (110), Jette and Foote (47), White, 
Graham, and Hay (123), Greig, Posnjak, Merwin, and Sosman (32), 
White (124), and Schmahl (92). Different methods have been used in the 
different investigations, but the agreement between the results obtained 
is by no means good. 7 

This lack of agreement, however, is more in respect to subordinate 
features than fundamentals, and by a critical selection of data from the 
various investigations cited the accompanying phase rule diagram for 
the system FeO-Fe,0,; was constructed (Fig. 2). It does not agre 
entirely with any of the above mentioned investigations, but I believ 


1 Figs. 2 and 3 are more correctly described as sections of the system Fe-O. 
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that it gives at least a qualitatively correct picture of the phase rela- 
tions. One of the main points of discussion in earlier works has been the 
liquidus-solidus relations in this system. The melting temperatures of 
the various phases are all so high that from the geological point of view 
their interest is more theoretical than real. However, for the sake of 
completeness they may be briefly considered here. 

Thus what has usually been referred to as the »melting point of FeO» 
is the temperature of the eutectic B between wiistite of composition 0 
and metallic iron saturated with oxygen at that temperature. This point 
is usually placed at 1370°, but Jette and Foote’s work suggests that it 
is at a somewhat higher temperature, so it is here placed at almost 
1400°. Proceeding to the left from point B there is a smooth curve 
separating the field of iron (solid) plus liquid from that of homogeneous 
liquid. There is a break in this curve at 1520° (point A), at which tem- 
perature iron (saturated with oxygen) melts to a liquid which is im- 
miscible with the liquid iron oxide with which it is in equilibrium. 

The »melting point» of the wiistite phase (indicated as (FeO) in the 
phase diagram) varies with its composition. It rises with increasing 
content of oxygen, the limiting composition, D, melting incongruently 
at about 1430° with the liberation of solid magnetite with composition 
F. The liquidus curve between wiistite and magnetite is drawn in Fig. 2 
as rising steadily to the melting point of pure magnetite at 1591° (G). 
This is the interpretation of Pfeil, and has been confirmed by Vogel and 
Martin, and by Jette and Foote; but other investigators claim to have 
observed a eutectic in this region, Mathewson and co-workers at a tem- 
perature as low as 1170°. 

The determination of the melting point of Fe,O0, as 1591° is due 
to Greig and co-workers, and these investigators also showed that the 
melting point of this substance decreased with increase in oxygen 
content. They state that there is a eutectic between Fe,0, and Fe,0s, 
but did not determine the temperature of this eutectic, the oxygen 
pressure at this point being too high. This is due to the thermal disso- 
ciation of Fe,O,. The diagram of this section of the system (Figs. 2 and 3) 
is drawn on the basis of an oxygen pressure of one atmosphere. Thus 
the line HI at 1452° is at the temperature of dissociation of Fe,0; 
under an oxygen pressure of one atmosphere. The parallel line JK at 
1573° is the melting temperature of an Fe,0, phase saturated with 
oxygen at a pressure of one atmosphere. Between these two lines 
the stable phases are oxygen gas and an Fe,0, phase saturated 
with oxygen. From the point L a curve extends in the direction of 
higher temperatures; it is inclined towards the left, as the dissociation 
tendency of the liquid increases with increased temperature. 
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The probable nature of the phase relationships between Fe,O, and 
Fe,0,; under pressures sufficient to prevent dissociation is given by the 
dotted lines in Figs. 2 and 3. The melting point of pure Fe,O, has never 
been accurately determined, on account of the high dissociation pressure 
at such a temperature; Greig and co-workers state that it appeared 
to be below that of platinum (1755°), which is in agreement with Pfeil, 
who says (81, p. 242) ... »the melting point of the oxide approaching 
in composition to ferric oxide is not greatly inferior to that of platinum». 

It is convenient to treat the further discussion of the phases in the 
system FeO-Fe,0, in two sections, FeO-Fe,0, and Fe,0,-Fe,03. Of these 
two sections, Fe,0,-Fe,0; is much the more important mineralogically, 
as it includes the vital problem of magnetite-hematite relations. The 
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system FeO-Fe,0, will therefore be dealt with rather summarily, the 
discussion centering around the relations between Fe,O, and Fe,0Q3. 

As previously pointed out, the compound FeO does not occur pure 
in the FeO-Fe,0; system; this substance, known as ferrous oxide, or 
better as wiistite, always contains more oxygen than corresponds to the 
simple formula. The different investigators are not agreed on the precise 
extent of the wiistite field — the different interpretations are plotted 
in Fig. 1. Of all the investigations that of Jette and Foote appears to be 
the most exhaustive, and as the method they employed — accurate 
measurement of lattice dimensions by use of X-rays — is capable 
of great accuracy in determining homogeneity limits, their data for 
the wiistite field are used in Fig. 2. The triple point E, at which iron, 
wiistite of a fixed composition, and magnetite are in equilibrium is 
placed by these authors at 76.4 % Fe. The temperature of this point 
has been placed by different workers between 560° and 575°. Below this 
point wiistite is no longer a stable phase, but tends to break up into 
metallic iron and magnetite, according to the equation 


4FeO = Fe + Fe,0, 


This reaction takes place with evolution of heat, the heat of the reac- 
tion, according to the newest data of Roth and Wienert (86), being 
8200 + 700 calories at 20.7°. The disintegration of wiistite below 
575° is, however, rather sluggish, and by rapid cooling this phase can 
be preserved at ordinary temperatures. According to Chaudron and 
Forestier (13), the disintegration is most rapid at 480°, at which tem- 
perature 80 % of the wiistite decomposes into metallic iron and magnetite 
in 24 hours. 

Turning now to the Fe,O, side of the FeO-Fe,O, system, we have 
the interesting mineralogical problem of possible solid solution of FeO 
in magnetite. Here there is practically no conflict between the various 
investigations on artificial preparations; all concur in giving a very low 
figure — no more than 3 wt.% FeO — for the limiting solid solution, at 
least below about 1200°. Thus it would appear that in magnetites whose 
analyses show a considerable excess of FeO, the excess is either accounted 
for by the presence of foreign elements, such as titanium, in solid solu- 
tion, or the analysed material was inhomogeneous. Many published 
analyses of magnetite show considerable excesses of FeO, but an attempt 
to interpret these analyses offers few prospects, as the uncontrolled sour- 
ces of error in the most cases invalidates any conclusions that might 
be drawn. The few more or less convincing descriptions of magnetites 
with excess FeO, such as that of Palmunen (76), all appear to be of mag- 
netites from titanium-rich basic igneous rocks, and it is perhaps not 
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unlikely that this excess FeO was present in a titanium spinel in soli 
solution with the magnetite molecule. 

Turning now to the system Fe,0,-Fe,0;, the first systematic investig 
tion was that of Sosman and Hostetter in 1916 (98). They studied th 
dissociation pressures of these oxides at 1200°, and came to the con- 
clusion that at this temperature there was continuous or practicall 
continuous solid solution between Fe,O, and Fe,O0,. Since then sever 
researches on. this system have been published, and all subsequen 
investigators have concluded that continuous solid solution does no 
exist, although disagreeing among themselves as to the extent of the 
hiatus. The interpretation expressed in Figs. 2 and 3 is largely built w 
on the basis of the painstaking and thorough investigation of Greig and 
his co-workers (32). The results of Greig and co-workers indicate that 
the solubility of Fe,O, in Fe,O; is very small at all temperatures up t 
1450°, whereas the solubility of Fe,O, in Fe;O, is small but noticeable 
at low temperatures and rapidly increases at high temperatures, reaching 
30 wt.% at about 1450°. Compared with previous workers, they found 
generally a much smaller solubility of Fe,0, in Fe,O;, and a greater 
solubility of Fe,O, in Fe,O,. These results have since been largely con- 
firmed by the investigations of White (124), and of Schmahl (92). The 
agreement for the course of the solubility curve of Fe,O; in Fe,O, is 
practically complete. White, however, found a somewhat greater solu- 
bility of Fe,O, in Fe,O, than did Greig and his co-workers, but Schmahl 
has pointed out certain methodical defects in White’s work sufficient 
to account for the too high solubility that he found. The best of the 
available data indicates that the solubility of Fe,O, in Fe,O;, at least 
below 1300°, is very small indeed, 1 wt.% or less. 

The systematic investigations of the Fe,0,-Fe,0, system have all 
been carried out at high temperatures, 1100° and above, so the course’ 
of the phase boundary curves at lower temperatures represents a con- 
siderable extrapolation. Since the amount of solid solution of Fe,0, 
in Fe,O, is very small even at high temperatures, the extrapolation 1 in 
this case cannot lead to any great error. The solubility of Fe,O, in Fe,O,, 
however, is sufficiently great to render an extrapolation from 1100° 
down to ordinary temperatures somewhat venturesome. Indirectly, 
however, confirmation of the course of the curve bounding the magnetite 
field at lower temperatures is given by the work of Higg (35) on y-Fe,0s. 
By heating samples of products intermediate between Fe,0, and y-Fe,03 
in sealed tubes for a sufficient time at 675° and 490° he decomposed 
them into a-Fe,0; and the magnetite solid solution in equilibrium 
with excess Fe,0, at these temperatures. By careful measurement of 
the lattice dimensions of the magnetite phase thus formed he could 
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show that it contained more oxygen than corresponded to the formula 
Fe,0,. The composition corresponded to a formula FeO, ,,,, viz., an 
Fe,0, with 7 wt. % Fe,0, in solid solution. On the basis of this data 
the bounding curve for the magnetite phase has been extrapolated to 
low temperatures. 

From the above results on artificial preparations it is evident that 
under ordinary conditions pure magnetite can contain up to about 
7 wt.% FeO, in solid solution, whereas hematite must correspond al- 
most exactly to the formula Fe,O,, the presence of only a small amount 
of FeO leading to the formation of a magnetite phase. The numerous 
investigations on the natural minerals confirm this reasoning and the 
general correctness of the phase diagram (Fig. 3) on which it is 
based. Certainly the paper of Sosman and Hostetter (98) postulating 
complete mutual solubility of Fe,O, and Fe.O0; was followed by another 
by the same investigators on natural occurrences of Fe,0, and Fe,0, 
which they claimed supported their laboratory results (99). However, 
subsequent workers on magnetite and hematite have contested these 
results, and investigations of polished sections have shown that the 
material considered by Sosman and Hostetter to be solid solutions 
of the two minerals was undoubtedly heterogeneous. Most interesting in 
this connection is Fig. 228 in Schneiderhéhn and Ramdohr’s book (93); 
this shows an inclusion from a basalt in which well-defined hematite 
and magnetite occur in a typically recrystallized state, but without 
any sign of solid solution in each other, as should be expected if the 
results of Sosman and Hostetter were correct. 

Since the solubility of Fe,O,; in Fe,0, does not begin to increase 
rapidly until over 1100°, the possibility of finding natural magnetites 
with 10 wt.°% or more Fe,0O, in solid solution must be very small. If such 
magnetites are ever formed, then from the phase diagram it is evident 
that on cooling the excess Fe,O; should be liberated from the now 
oversaturated solid solution as oriented inclusions of hematite. Such 
substances were prepared artificially by Greig and his co-workers, and 
illustrations in their paper show unmixed hematite in a groundmass of 
magnetite. These artificial preparations had a structure typical of 
unmixing in magnetite, regular lamellae of hematite having separated 
out along the octahedral planes in the magnetite. The structure was 
identical with that shown by the many unmixed titanomagnetites 
described from natural occurrences. 

Since temperatures of 1100°—1200° and higher are necessary to 
increase the solubility of Fe,O, in Fe,O, so much that on cooling un- 
mixing will tend to take place, it is doubtful whether oriented inter- 
growths of hematite in magnetite formed in this way will be found in 
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nature. The only mention of such an occurrence known to me is in @ 
paper by Newhouse (69) describing the opaque minerals observed in 
265 different igneous rocks. In one specimen, a basalt from the 1886 
eruption of Mt. Etna, he records what he considers to be exsolve¢ 
hematite in magnetite. His drawing shows regular lamellae of hematite 
along the octahedral planes of the magnetite, and resembles closely 
the artificial preparations of Greig and co-workers. In this connection 
I was able to examine a rather comprehensive collection of polished 
sections of lavas belonging to Dr. Odman of the Swedish Geological 
Survey. Magnetite was present in practically all these sections, often 
together with hematite, but in none of them did the hematite appear 
to be due to the unmixing of a once-homogeneous solid solution. When 
hematite was present, it always appeared to be secondary after magne- 
tite. Here it should be pointed out that at first glance the replacement 
structures of hematite in magnetite often resemble the regular inter 
growths formed by unmixing of a solid solution. On closer scrutiny, 
however, the distinctions are easily seen. Replacement of magnetite 
by hematite often follows the octahedral planes, giving rise to a network 
of hematite lamellae, but this replacement proceeds from grain boun 
daries and cracks, so that the structure is clearly governed by these 
features, and is not as regular and continuous as the structure produced 
by unmixing. The hematite lamellae produced by replacement also vary 
considerably in width in different parts, whereas lamellae produced 
by exsolution are typically of very uniform width. 

The important feature of magnetite-hematite relations is the problem 
of the conversion of the one mineral into the other in natural occurren 
ces. There is a considerable literature on this subject, as such conversion, — 
or replacement of the one mineral by the other, is extremely common. — 
Most descriptions have dealt with the replacement of magnetite by 
hematite, often known as martitisation, but the reverse process is b 
no means rare. In fact, in Sweden at least it is often a typical feature 
of the iron ores. 

In general the conversion of hematite to magnetite appears to be ~ 
characteristic of medium to high grade metamorphism. There has been a 
tendency to ascribe this conversion of hematite to magnetite to thermal 
metamorphism, the raising of the temperature under metamorphism 
being evidently considered as causing a dissociation of the hematite. 
Such a hypothesis is, however, scarcely tenable in view of the stability 
relations of Fe,0,. Fe,0; is stable when heated in air up to a tempera- 
ture of 1388°, at which point its dissociation pressure reaches 159 mm., 
the partial pressure of oxygen in the atmosphere. Even when heated 
in a stream of neutral gas, such as nitrogen, the dissociation of Fe,03 
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is practically zero at temperatures up to 1200°. Therefore under the 
conditions we are accustomed to reckon with during metamorphism 
hematite will show no tendency to dissociate, especially as the pressure 
ruling will increase the stability of the hematite still further. 

Since thermal metamorphism alone cannot convert hematite to 
magnetite, the process must involve metasomatic reactions, clearly 
of a reducing nature. The question is therefore to discover the reducing 
agents which have been active, and their source. Many substances 
may act as reducing agents, the most common naturally occurring 
being probably compounds of carbon, hydrogen, and sulphur. Often 
the source of such reducing agents can be shown to have been magmatic, 
as when the change from hematite to magnetite is clearly the result 
of contact action. This is well seen in many mines of central Sweden, 
where pegmatite dikes cut hematite ores; these dikes are bounded by a 
zone of magnetite, evidently due to the reducing effect of the pegmatite 
fluids on the hematite. Shepherd’s study of the gases in lavas and 
igneous rocks (96) has shown that these always contain reducing agents 
such as H,, CO, SO., and §8,. Thus the effect of magmatic fluids on 
Fe,0, may be represented by the following equations: 


3Fe,0; —— CO = 2Fe,0, -- CO, 
3Fe,0; —- H, — 2¥Fe,0, = H,O 


Experimental studies have shown that equilibrium in these reactions 
lies so far towards the right that they can be considered as practically 
irreversible.1 That is to say, even in the presence of an extremely small 
concentration of CO or H,, FeO, is no longer stable and is reduced to 
Fe,0,. Increasing temperature has little effect on the reduction other 
than to increase the rate of the reaction. Pressure is without influence, 
as there are equal amounts of gas on both sides of the above equations. 

Carbon monoxide and hydrogen are extremely potent reducing agents 
for Fe,0,. As can be seen from the equations, one part of CO will com- 
pletely convert about 17 times its own weight of hematite to magnetite, 
and one part of hydrogen almost 240 times its own weight of hema- 
tite to magnetite. Other reducing agents are also very effective in the 
alteration of hematite to magnetite. Sulphur dioxide, and less oxidized 
sulphur compounds reduce trivalent iron at moderate temperatures. 
This effect is probably reflected in the presence of magnetite in many 
sulphide deposits. 

Summing up, it may be said that the conversion of hematite to 
magnetite requires the action of reducing agents. The geological con- 


1 In this connection, the practical absence of primary hematite from igneous rocks, 
except perhaps in the more acid granites, is significant. 
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ditions of the alteration of hematite to magnetite are those of medium 
to high grade metamorphism, and of the contact action of igneous 
intrusions. It is reasonable to ascribe at least a considerable part o 
the alteration of hematite to magnetite to the reducing action of com- 
pounds of carbon, hydrogen, and sulphur, the source of which may be 
magmatic. 

The reverse process, the change from magnetite to hematite, is 
common and widespread. From the previous discussion, it is clear 
that magnetite can only be directly changed to hematite in the total 
absence of reducing agents. On the other hand, however, under favour- 
able conditions this change takes place readily enough in a weakly 
oxidizing milieu. Gruner (34) showed that magnetite heated in air at 
150°—200° is slowly oxidized to hematite, the oxidation beginning 
along the octahedral planes in the magnetite, just as observed in nature 
occurrences. Magnetite will evidently readily change to hematite under 
conditions of moderate temperature and sufficient supply of oxygen 
In conformity with the above facts, the change from magnetite to 
hematite in nature appears on the whole to be confined to the zone of 
oxidation close to the earth’s surface. The process is one of weathering 
or of only a low grade of metamorphism. In ore bodies it can often be 
established that the alteration of magnetite to hematite is the work of 
descending solutions. 

An important influence in the oxidation of divalent to trivalent 
iron, and one which has apparently been overlooked by mineralogists, is 
the pH of the medium in which the reaction takes place. The oxidation 
of ferrous to ferric iron takes place much more readily in alkaline than 
in neutral or acid solutions. The oxidation-reduction potential of the 
reaction Fe(OH), — Fe(OH), is —0.65 volt, that of the reaction 
Fe: — Fe**: is + 0.75 volt. Thus Fe(OH), liberates hydrogen from 
water with the formation of Fe(OH), whereas in acid solution hydrogen 
will reduce ferric iron to ferrous iron, Alkaline solutions therefore, 
even without the presence of atmospheric oxygen, probably have an 
oxidizing effect on magnetite, whereas acid or neutral solutions do 
not have this effect. It is tempting to suggest that some of the 
examples that have been described as the direct oxidation of magnetite 
to hematite may have been actually indirect, over the hydrated 
oxides, these having later been dehydrated to give hematite. It is 
not always easy to distinguish between the ferric oxide hydrates and 
hematite in polished sections where they replace magnetite, especially 
when they are present as fine lamellae. 

It must be emphasised that chemical factors alone do not fully deter. 
mine the degree or extent of the replacement of hematite by magnetite 
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or vice versa. The physical features of the rock of which the minerals 
form a part — the porosity, the grain size, the presence or absence of 
fissures, tectonic strains, etc. — all play a part in promoting or retarding 
the change, and must be taken into account when evaluating the con- 
ditions of replacement. 

In conclusion, it is worth pointing out that the change from hematite 
to magnetite 1s accompanied by a slight but measurable decrease in 
volume, the reverse change with an equivalent increase in volume. 
The amount of change amounts to about 2.5 %. This figure is derived 
from the specific gravities calculated from the accepted figures for the 
unit cell dimensions of magnetite and hematite. Three molecules of 
Fe,0, give two molecules of Fe,O,. Thus 479 grams Fe,0, (S. G. 5.25) 
give 463 grams Fe,O, (8S. G. 5.20), the corresponding volumes being 
91.25 cc. and 89.04 ec. respectively, a percentage decrease of 2.5. 
Gruner (34) made a similar calculation in 1926, but on account of lack 
of accurate measurements of the unit cell dimensions of magnetite and 
hematite in those days, he came to a result, 5.2 %, which is considerably 
too high. 


The manganese oxides. 
MnO — Manganosite. 


Unlike ferrous oxide, manganous oxide with a composition corres- 
ponding to the formula MnO occurs both as a laboratory product and 
as the mineral manganosite. When pure it is a green solid, but it is 
unstable under atmospheric conditions, readily oxidizing and becom- 
ing brown to black through transformation to higher oxides. It may 
be prepared by heating manganous carbonate, oxalate, or hydroxide 
out of contact with air, or by reducing higher oxides in a stream of 
hydrogen. 

MnO is cubic, with a structure of the NaCl type, the unit cell con- 
taining four MnO. Several investigators have determined the edge of 
the unit cube; the most reliable figure is apparently that of Broch 
(9), and Ruhemann (87), who both obtained a = 4.435 A at room 
‘temperature. The calculated density is thus 5.36; the measured den- 
sity is 5.18 (Blomstrand, 8) and 5.346 (Palache, 75) on the mineral, 
and 5.432 (Levi, 53) on the fused laboratory product. Blomstrand’s 
value is evidently somewhat low. Several temperatures have been 
given for the melting point of MnO, ranging from 1585° upwards; 
the latest, and also the highest figure is 1785° (Hay, Howat, and 
White, 37), and is probably the most accurate. 
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MnO as a mineral was first described from Langban in 1874 by 
Blomstrand (8), who named it manganosite. Since then it has been 
found at three other localities, Nordmarken in Sweden, Franklin in 
the U. S. A., and the Kaso mine in Japan. At the last two localities 
it is apparently rare, and it is not common at the Swedish localities 
although it has occasionally been found in rather large quantities 
No specimens have been found at Langban in recent years, but when 
I was in Nordmarken in the summer of 1942 I was able to collect spe- 
cimens of a dolomite with plentiful grains of manganosite from a re 
stricted occurrence on the 143-metre level in the mine. At Langban 
and Nordmarken manganosite occurs as small grains in a mangani 
ferous dolomite, and has evidently been formed by the metamorphism 
of a mixture of calcium, magnesium, and manganese carbonates. On 
heating, manganese carbonate decomposes into MnO and CO, at a re 
latively low temperature, lower than either CaCO, or MgCO,, and this 
reaction is responsible for the formation of manganosite. Manganosite 
alters readily under conditions of oxidation or hydration, the altera 
tion being promoted by an alkaline medium; most specimens of man 
ganosite rapidly become covered by a brownish-black coating wher 
exposed to the atmosphere, and thin sections of specimens from Lang- 
ban and Nordmarken generally show a core of fresh manganosite wi 
a coating of pyrochroite, which in turn is partly changed to manga- 
nite. 

At high temperatures MnO forms solid solutions with other oxides 
of the RO type, and such solid solutions of MnO with FeO and MgO 
are often found as phases present in basic slags. Analyses of manga- 
nosite show that it is practically pure MnO. The solubility of othe 
oxides in MnO evidently decreases greatly at lower temperatures. 
Frondel (28) recently described exsolution intergrowths of zincite 
manganosite from Frankhn, and of manganosite in periclase from 
Langban and Nordmarken, indicating iia the mutual solubility of 
MnO and ZnO and of MnO and MgO must be quite small at ordinary 
temperatures. 


Mn,0O, — Hausmannite. 


The most stable oxide of manganese at high temperatures is Mn,O,, 
and it is easily prepared in the laboratory by heating any of the other 
oxides at about 1000° in air. When obtained in this way it is a red 
brown powder, but several methods have been described for obtaining 
it as crystals. The symmetry of Mn,O, is lower than that of Fe,0,, 
being tetragonal instead of cubic. The structure of Mn,O, was deter- 
mined by Aminoff (1), who showed that, although tetragonal, it was 


Bd 65. H. 2} SYSTEM FeO — Fe,O3— MnO —Mn,O,. 131 


similar to that of Fe,0,, being a deformed spinel type. The lattice 
dimensions are a = 8.14 A,c = 9.42 A (compare Fe,O, a = 8.38 A). 
The volume of the unit cell of Mn,O, is somewhat greater than that 
of Fe,O,, as the atoms of manganese are rather larger than those of 
iron. 

The only determination of the melting point of Mn,O, is that of 
von Wartenberg and his co-workers (118), who give it as 1560°. An 
earlier determination, 1705°, by von Wartenburg and Gurr (117), 
which is sometimes cited, was erroneous, due to the use of a faulty 
pyrometer. 

The mineral form of Mn,Q,, hausmannite, was first recognised by 
Werner. It is not common, but is widespread, sometimes occurring in 
considerable masses, as at Langban, where it is an important man- 
ganese ore. It is often found as black lustrous pyramidal crystals. The 
most characteristic feature of hausmannite is the reddish-brown streak, 
which serves to distinguish it from many other black ore minerals. 
In very thin fragments it is not fully opaque, having a dark red-brown 
colour. It is easy to recognize in polished sections of manganese ores 
by the beautiful red internal reflections, and a typical lamellar twin- 
ning, but the latter feature is not fully reliable, as on rare occasions 
hausmannite may be quite untwinned. 

Analyses show that hausmannite is generally practically pure Mn,O,, 
there being little replacement of manganese by other elements. Iron 
is often present in small amounts, but the greatest amount previously 
recorded is 5.75 % Fe,O, in a specimen from Jakobsberg (Gorgeu, 30). 
During this investigation some iron-rich homogeneous crystals of 
hausmannite from Langban were found and analysed (microchemically 
by Miss Anna-Greta Hybbinette, to whom I would express my grateful 
thanks). They contained 6.91 % Fe,O,, and this appears to be close 
to the limiting replacement at ordinary temperatures. A little mag- 
nesium is sometimes present, and in specimens from I]menau up to 
8.6 % ZnO (29). These zinc-bearing hausmannites are evidently con- 
necting links between Mn,O, and hetaerolite, the naturally occuring 
ZnMn,O,. The divalent manganese in Mn,0, can probably be 
completely replaced by other metals without change of structure; 
Gorgeu (31) made pyramidal crystals like those of hausmannite in 
which part of the manganese was replaced by cadmium, zinc, and 
magnesium, by fusing together the respective sulphates in the desired 
proportions. 

The recorded specific gravity of hausmannite varies from 4.72 to 
4.91, the latter figure being for a specimen with 7.2 % ZnO. The spe- 
eific gravity calculated from X-ray data is 4.84. Hausmannite 1s pa- 
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ramagnetic, and the magnetic properties vary only slightly with the 
small amount of iron sometimes present in solid solution. 


Mn,0O, — Bixbyite. 


Unlike the lower oxides of manganese, Mn,O,; is polymorphic. Ne 
less than three different forms have been described: the common form, 
and the only stable one, here referred to as a-Mn,O,; y-Mn,03, corre- 
sponding to y-Fe,0;, being a metastable form with the same tetra- 
gonal structure as Mn,O, but with empty metal positions; and a thire 
form, also tetragonal, but perhaps distinct from y-Mn,O;. Only a-Mn,0, 
is known as a mineral, so the other forms will only be dealt with sum- 
marily. 

The history of y-Mn,O, is short and the literature on it small. It was 
first described by Dubois in 1934 (18, 19).1 He precipitated a man- 
ganic oxide hydrate by adding alkali to a boiling solution of manga- 
nous sulphate in the presence of hydrogen peroxide. By drying this 
precipitate at room temperature and carefully dehydrating at 250° 
in a vacuum he obtained an easily oxidizable oxide with composi- 
tion Mn,O;, which gave a powder photograph different from the known 
modification of Mn,O, (a-Mn,O;) but closely resembling that of Mn,O,. 
He obtained the same substance by the thermal decomposition of 
manganous oxalate in a stream of air. His experiments were repeated 
by Verwey and de Boer (109), who succeeded in preparing a very hy- 
groscopic oxide containing 9.94 wt. % active oxygen (calculated for 
Mn,O, 10.14 %), and losing 4.0 % in weight on ignition in air (calew- 
lated 3.38 %). They showed that it was analogous to the y-form of 
Fe,0; and therefore proposed the indication y-Mn,0,. On the basis 
of the same arguments as used in the discussion on the structure of 
y-Fe,0, the crystal structure of y-Mn,O, can be described as an Mn,0, 
lattice with 2?/, vacant cation positions per unit cell. Verwey and de 
Boer found the lattice dimensions of y-Mn,O, to be a = 8.1 A, ¢ 
9.4 A, c/a = 1.16. The specific gravity was approximately 4.6, much 
lower than that of the stable a-Mn,Q3. 

In this connection it is interesting to note that Pavlovitch (78) sta- 
tes that he has obtained this y-Mn,O,; by heating polianite in air for 
twelve hours at 550—600°. The polianite lost 9.80 % of its weight 
and the black powder thus obtained, although Mn,O;, gave a powder 
photograph similar to that of hausmannite. I repeated Pavlovitch’s 
experiment by heating a specimen of polianite from Platten in Bohemia 


1 Dubois called ‘this oxide a-Mn,0,; and the common form $-Mn,0;. However, im 
view of the analogies with the forms of Fe,0, the nomenclature used in this paper is 
more logical. 
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m an electric furnace for twelve hours at 570°, but failed’ to repro- 
luce his result, the product being the common or a-form of Mn,03. 

The other metastable form of Mn,0, was described by Le Blane 
and Wehner in 1933 (52). They obtained it by the addition of oxygen 
at temperatures of 350° and 400° to an active MnO prepared by the 
Jecomposition of MnCO, in vacuum. It was a black powder, so fine- 
grained that it was difficult to get satisfactory powder photographs. 
However, with the aid of the graphical tables they succeeded in in- 
ferpreting the powder photographs, and state that the substance is 
probably tetragonal, with lattice dimensions a = 8.85 A, c = 9.95 A. 
On heating in a closed tube for four weeks at 420° it completely in- 
verted to a-Mn,O,. The properties of this form are very similar to those 
of y-Mn,O; and Dubois (18, p. 1418) suggests that they may be iden- 
tical. However, according to the description of Le Blanc and Wehner 
the powder photograph of their oxide is different from that of Mn,0,. 

The stable form, a-Mn,O,, hereafter referred to simply as Mn,0s,, 
has long been known. Many methods have been described for pre- 
paring it; a simple and satisfactory method, which was used in this 
investigation, is to precipitate a solution of manganous sulphate with 
sodium hydroxide, wash the precipitate until free from sulphate, dry 
in an oven somewhat above 100°, and heat the product at 700° for 
some hours with free access of air. Mn,O, is the stable oxide of man- 
ganese in air between about 530° and 940°. MnO, loses oxygen and is 
converted into Mn,O,; at about 530°, and Mn,O, itself loses oxygen 
at 940° and is converted into Mn,O0,. On account of this dissociation 
the melting-point of Mn,O; is unknown. 

The symmetry and crystal structure of Mn,O, were first investigated 
by Zachariasen (128, 129). He found that it had a body-centred cubic 
lattice with a = 9.40 A, and belonged to the so-called C-type of the 
sesquioxides, being isomorphous with many of the oxides of the rare 
earth metals — Sc,03, Y.03, Sm.,O;, EHu,0,, Gd,O;, Tb.O3, Dy.O;, Ho,0s, 
Er,0O;, Tm,0;, Yb,0O3,, Lu,0O, — and also with In,O, and TI1,0;. Za- 
chariasen deduced that the space group of the C-type of the sesqui- 
oxides was T; and proposed a structure to conform with this, but Pau- 
ling and Shappell (77) have shown that his conclusions were erro- 
neous, the space group being not T; but the more symmetrical Ty. 

n this basis they were able to derive a satisfactory structure for 

2O, and the other sesquioxides of the C-type. 

The most noteworthy feature is that Mn,O, is not isomorphous with 
'e,O;, Fe,O, being rhombohedral and having the corundum structure. 

achariasen discussed this feature and showed that it depended on 
he radius of the metal ion. Trivalent metals having an ionic radius 
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of 0.60—0.72 A had oxides of the corundum type, and trivalent me- 
tals with ionic radius 0.73 A—1.05 A had oxides of the C-type. Mn ~ 
with an ionic radius of 0.73 A, was the smallest ion to give rise to an 
oxide of the C-type; Fe’’', radius 0.70 A, formed an oxide with the 
corundum structure. The ionic radii of trivalent manganese and t 
valent iron being so close, it is tempting to speculate on the possibility 
of an unstable form of Mn,0O, with the same structure as hematite, 
‘So far, however, such a substance has not been recognized; it would 
conceivably be stable under extremely high pressure, as the corundum 
structure is more close-packed than the C-type structure. 

The occurrences of Mn,O, as a mineral always contain iron in solid 
solution, replacing manganese up to about 50 % or a little more. The 
original discovery was by Penfield and Foote (79), who named the 
mineral bixbyite; in their material the proportion Mn: Fe was almos' 
exactly 1:1, and they formulated it as a ferrous manganite of fixed 
composition, FeO-Mn0O,, rather than as a solid solution of Fe,O, ir 
Mn,0;, (Mn, Fe).0;, in which the amount of Fe,O, can vary from n 
up to 50 % or even more. Zachariasen, who also investigated bixbyite 
rontgenographically, showed however that bixbyite had the same 
structure as Mn,O, and was therefore to be considered as (Fe, Mn).O 
not as a definite compound of FeO and Mn0,. 

The occurrences of bixbyite were discussed in an earlier paper (Ma. 
son, 57), describing a find of bixbyite at Langban. In that paper it 
was shown that the mineral sitaparite, first described by Fermor im 
1908 (21) from the manganese ores of Sitapar in India, was structur 
ally identical with bixbyite. The name sitaparite was discarded, bix 
byite having priority. The analysis of sitaparite published by Ferme 
agrees with the formula (Mn, Fe),0;, save for the presence of about 
6 % CaO. From Fermor’s description the material for analysis wai 
homogeneous, so the presence of the calcium can hardly be ascribed 
to mechanical impurities. It is conceivable that it is present in solid 
solution in such a grouping as CaMnQ,. 

Bixbyite occurs in two quite distinct parageneses. Penfield and 
Foote’s bixbyite from Utah, and the bixbyite from Patagonia are of 
pneumatolytic origin, occurring in close connection with acid extru- 
sives; bixbyite from Sitapar, from Postmasburg, and from Langban 


byite, and will be discussed in connection with the system Fe,O; 4 


Mn, 03. 
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The recorded specific gravity of bixbyite varies from 4.74 to 5.09. 
The specific gravity of Mn,O, calculated from the X-ray data (a = 
9.40 A) is 5.01. Bixbyite shows great power of crystallization, often 
occurring as well-formed cubic crystals, and in the metamorphosed 


Manganese ores it 1s generally present as idioblasts in a groundmass 
of other minerals. 


3 Mn,O, + MnsSi0, — Braunite. 


Strictly speaking, braunite does not belong to the group of oxides 
discussed in this paper, as it contains not only manganese but also 
silicon as an essential element in its structure. For many years, how- 
ever, braunite was looked upon merely as a variety of Mn,O,, and as 
it is closely related to this substance and not to the manganese sili- 
cates, no apology is needed for devoting some space to the considera- 
tion of this interesting compound. 

Braunite was named after Kammerrat Braun of Gotha, who sent 
the original material of this species (from Elgersburg in Thuringia) 
to Haidinger and Turner. Haidinger, who proposed the name braunite, 
decided that this mineral was naturally occurring Mn,Os, on the basis 
of Turner’s analysis, according to which it was practically pure Mn,O, 
with only a trace of silica. Later analyses of braunite from Thuringia, 
as from other localities, showed 8 ° and more $i0,, and for many 
years the question as to whether or not this silica was an essential 
constituent of braunite was hotly argued. Some held that the silica 
arose from mechanically admixed silicate in the analysed material, 
others that it was constitutional; those holding the latter viewpoint 
were further divided, some saying that the amount of silica present 
was variable, replacing tetravalent manganese in the formula MnO- 
(Mn, Si)O,, others that it was fixed, being present in the proportion 
of one MnSiO, group to three Mn,0;. The question was not finally 
answered until 1931, when Aminoff published the results of an X-ray 
study on braunite (2). He showed that braunite had a structure re- 
lated to, but distinct from that of Mn,O,, and that its formula was 
3 Mn,O,-MnSiO,. Even today, however, the distinction is not always 
appreciated; for example, in a recent book on manganese ores brau- 
nite is described as Mn,0,, containing 69.6 °% Mn. This failure to per- 
ceive the difference between braunite and Mn,O0, may be due to er- 
roneous statements such as that of Le Blanc and Wehner (52, p. 67), 
who state that braunite and bixbyite give identical powder photo- 
graphs. Although some of the strong lines in powder photographs of 
these two substances coincide, the general pattern is quite distinct. 
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The crystal structure of braunite was recently determined by By 
strém and the writer (11). As Aminoff suggested, the structure is re- 
lated to that of bixbyite, the unit cell of braunite being just twice 
large as that of bixbyite, consisting geometrically of two unit cubes 
of bixbyite joined together. The lattice dimensions of braunite fro: 
different localities show little variation, a being 9.40—9.42 A, ¢ 18.5 
—18.72 A. With the lattice dimensions a = 9.41 A, c = 18.64 A (thos 
of a synthetically prepared braunite) the calculated specific gravity 
is 4.83. The recorded specific gravity of the natural mineral vari 
from 4.72—4.82. 

The amount of SiO, required by the formula 3 Mn,O,-*MnSiO, is 
10.0 wt.% and most analyses of braunite show silica percentages close 
to this figure. Two analyses, however, appear in mineralogical hand- 
books which show practically no silica, one of a specimen from Arkan- 
sas with 0.18 °{ SiO, and one of a specimen from Elba with 0.75 % 
SiO,. Miser and Fairchild (63) have shown that the supposed silica- 
free braunite from Arkansas was inhomogeneous, being a mixture of 
psilomelane and hausmannite. As far as I know, nothing has been 
published on the occurrence of braunite on Elba since the paper in 
which the analysis was given (59), and that gives no information save 
that the material was »compact braunite». Either the analysis is faulty, 
the material inhomogeneous, or the mineral was not braunite at all, 
but bixbyite. 

The amount of foreign elements replacing manganese in braunite is 
generally rather small. The most common replacing element is iron, 
but the amount present seldom exceeds 5 % Fe,O,. The greatest 
amount of Fe,0, recorded in any analysis of braunite is 15.39 % in a 
specimen from Mason County, Texas (40); this specimen had been 
polished and examined under the ore-microscope before analysis and 
found to be homogeneous, so that the FeO; was certainly present in 
solid solution, not as intermixed hematite. It is probable that the 
amount of replacement of manganese by iron in braunite is rather 
limited, as all attempts to make iron-rich braunites synthetically 
- during the course of this investigation were unsuccessful, although the 
synthesis of ordinary braunite, as described below, is by no means 
difficult. Only small amounts of elements other than iron have been 
recorded in analyses of braunite, the maxima being 4.36 % MgO, 
4.28 % CaO, and 1 % or a little more BaO. The greatest amount of 
replacement by these elements in any braunite is in the braunite from 
Kajlidongri, India, described by Fermor (22), which contained 4.36 % 
MgO and 3.85 % CaO; as Fermor pointed out, this corresponds almost 
exactly to the formula 3 Mn,0,- (Mg, Ca)SiO,, suggesting that magne- 
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sium and calcium replace the manganese atoms grouped with silica. 
In the synthetic experiments in connection with this paper it was 
possible to confirm this in the following way. An intimate mixture of 
Mn,O, with the precipitate obtained by adding Na,SiO, to a mixed 
solution of magnesium and calcium salts in the correct proportions 
to give (MgCa)SiO,; was heated for three days at 930°. The powder 
photograph of the product was identical in every respect with that 
of natural braunite. A similar mixture of Mn,0, and_ precipitated 
MgSiO, heated in the same way also gave a product corresponding to 
braunite. On the other hand, no reaction was obtained when Mn,O, 
was heated in this way with finely powdered diopside or enstatite; 
this is evidently due to the unreactive nature of the crystallized mi- 
nerals as compared with the semi-amorphous products obtained by 
precipitation from solutions at ordinary temperatures. 

Several methods are described in different handbooks of mineralogy 
for preparing braunite synthetically, but owing to the lack of under- 
standing of the essential nature of the silica, these methods give only 
artificial bixbyite, Mn,O;. Braunite is easily synthesised, however, 
by precipitating a manganous salt solution with a mixed solution of 
sodium hydroxide and sodium silicate and heating the precipitate in 
air for some hours at about 900°. The reaction probably takes place 
quite readily at lower temperatures also, but I have not investigated 
this. During this investigation braunite was also synthesised by heat- 
ing a finely-powdered mixture of Mn,O, and rhodonite in the propor- 
tions corresponding to 3 Mn,O,- MnSi0, for several days at 900°. 

It has previously been a matter of some surprise that braunite is 
such an individual substance, not being isomorphous with any other 
mineral. The reason is not far to seek. From structural considerations 
it is apparent that the only elements likely to form compounds iso- 
morphous with braunite are those with sesquioxides of the C-type, 
viz. the rare earths and indium and thallium. Oxide minerals of these 
elements are unknown, so that it is extremely unlikely that any com- 
pound of these elements related to braunite will be found in nature. 
Scandium being the trivalent element with ionic radius nearest that 
of manganese, it would be interesting to try to synthesise a compound 
38c.0,-ScSiO;,, which should be isomorphous with braunite; unfor- 
unately I have not had the necessary material to attempt such a 
ynthesis. 

Braunite is not a rare mineral, and in some places it occurs in suffi- 
ient quantities to be an important ore of manganese. It is common in 

etamorphosed manganese deposits. From the number of localities 
ecorded for braunite it appears to be much more common than bix- 
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byite, but I am not convinced that bixbyite is as rare asit seems, When 
massive, bixbyite and braunite cannot be distinguished save by chemical 
tests for the presence or absence of silica, or by powder photo 
graphs. Even in polished sections I have often found it impossible to 
certainly distinguish bixbyite and braunite by their optical properties 
alone. Braunite is tetragonal, and is hence anisotropic, but the aniso 
tropism is so weak that the mineral often appears isotropic; bixbyite is 
cubic, and should be isotropic, but often shows faint anisotropism 
Bixbyite shows a greater tendency to form crystals than braunite, but 
this feature cannot be used as diagnostic. I have noticed that bixbyite 
is slightly yellower than braunite, especially in oil immersion, but agair 
this feature is only of value when both minerals occur in the same sec- 
tion. It is likely that many braunite ores also contain bixbyite, and the 
presence of bixbyite may account for the low percentage of silica shown 
by some analyses of braunite, for example, that of braunite from Minas 
Geraes published by Jezek (48), with only 3.93 % SiO.. 

The only studies on the relation between braunite and bixbyite 
(sitaparite) in polished sections of manganese ores are those of Schneider 
héhn on the ores of Postmasburg in South Africa (94) and of Dunn on 
the Indian (Sitapar) ores (20). Schneiderhéhn evidently considered 
that braunite was pure Mn,O, whereas bixbyite was (Mn, Fe),O0,. He 
was of the opinion that the bixbyite in these ores was younger than the 
braunite, that it represented a higher stage of metamorphism, and 
that it was formed by reaction between braunite and hematite, according 
to the equation 


Mn:-MnO, + Fe,O; — (Mn, Fe)MnO, 
braunite -+ hematite ~ bixbyite 


Unfortunately chemical analyses of the minerals and ores of Postmas. 
burg to check the above reaction are not available. The essential differ 
ence between braunite and bixbyite lies not in the content of iron, but 
in the presence of 10 % SiO, in the braunite. There is no evidence in 
Schneiderhéhn’s paper as to the fate of this silica in the transformation 
of braunite to bixbyite. Schneiderhéhn’s description and his photographs 
of the polished sections certainly support the theory that bixbyite has 
been formed by reaction between braunite and hematite, but if so, 
the reaction must be more complicated than is indicated by his equation. 
I have attempted to carry out this reaction in the laboratory, by heating 
a mixture of finely powdered braunite and Fe,0, in a furnace at 900° 
for twelve hours, but the two substances were without effect on each 
other under these conditions. 
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Dunn found that at Sitapar the braunite was to a large part definitely 
later than the bixbyite (sitaparite), veining and replacing it. In some 
specimens, however, the structure appeared to be a simultaneous 
intergrowth of the two minerals. Since the replacement of bixbyite by 
braunite is the opposite to the replacement observed by Schneiderhéhn 
in the Postmasburg ores, Dunn considered the possibility of retrogres- 
sive metamorphism, and searched for the hematite which should be 
formed according to Schneiderhéhn’s equation. He found none, but 
remarks that the Fe,O, set free might possibly have been absorbed 
by other minerals. 

In a couple of polished sections of manganese oxide minerals from 
Langban I have observed bixbyite and braunite occurring together, 
Here, however, the structure does not indicate replacement of one 
mineral by the other; the bixbyite and the braunite appear to have 
erystallized contemporaneously. My interpretation is that in this case 
the mineral-depositing medium contained only a limited amount of 
silica, insufficient for all the manganese oxide to form braunite, hence 
the simultaneous formation of both bixbyite and braunite. At Langban 
braunite is the important ore-mineral, bixbyite being uncommon, if 
not rare. Probably the original manganese deposit which through 
metamorphism has given rise to the Langban ore-body was sufficiently 
siliceous for the conversion of al] the original manganese oxide to brau- 
nite; bixbyite occurs in small amounts quite locally as a result of later 
processes of circulation and concentration. 


The system MnO-Mn,0, 


No systematic study has yet been made on the system MnO-Mn,0. 
This is no doubt due to its relative unimportance practically, and also 
to the difficulties attached to such an investigation on these refractory 
oxides. Whereas a knowledge of the phase relations of the oxides of iron 
is of vital importance not only for an understanding of the nature 
of iron ores but also of the problems involved in smelting these ores, 
the phase relations in the system MnO-Mn,0, have not been seriously 
studied, since these oxides are not common ores of manganese, nor do 
they (excepting MnO) play any part in smelting processes. 

Because of this, the data which we have on the system MnO-Mn,0, 
are largely isolated facts, only too often contradictory, occurring in 
publications in which the study of the phase relations was not the 
primary object. On this account, and also because of the insufficiency 
of the material, no attempt will be made to draw up a phase diagram 
similar to that given for the system FeO-Fe,0;. In any case, a complete 
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phase diagram is hardly necessary when considering the mineralogica 
aspects of the system MnO-Mn,0,, as the melting points of these oxides 
and the temperatures of the various solid-liquid equilibria in question 
lie far above the temperatures which have prevailed during the forma 
tion of those deposits which contain these oxides as minerals. On the 
other hand, the question of the miscibility of these oxides in the solid 
state is of importance in the consideration of deposits where they occur 
together. 

In this connection there have been two laboratory studies, the results 
of which have a bearing on this question. Simon and Fehér (97), on 
the basis of measurements of the dissociation pressures of the different 
oxides, concluded that both Mn,O, and Mn,O, and Mn,O, and MnO 
formed mixed crystals. Le Blanc and Wehner (52), however, who applied 
quite a different procedure (the addition of oxygen to specially reactive 
MnO under determined conditions and the control of the products by 
chemical analysis and X-ray examination) came to quite the opposite 
conclusion. They state, and their results support the statement, that 
extensive solid solution of these oxides in each other is improbable. 
They found that from MnO to MnO,,, powder photographs showed 
only the lines of MnO; from MnO,,, to MnO,,, the lines of both MnO 
and Mn,O, were visible; and from MnO,,,, to MnO, ,, only the lines of 
Mn,0, were to be seen. They give no information as to the sensitiveness 
of this method, 1. e. the least amount of one oxide in another which can 
be seen by the characteristic lines in a powder photograph, so, for 
example, the absence of lines of Mn,0, in a sample corresponding to the 
formula MnO, ,,, is no evidence that this phase was not present in small 
amount. The most noteworthy feature of Le Blanc and Wehner’s results 
is that the lattice dimensions of the different phases vary but little 
from one sample to another, and the variation is in no way systematic, 
as it should be if solid solution occurred. These results are supported 
by those of Dubois (19), who prepared the manganese oxides in many 
different ways but did not obtain any phases intermediate between MnO 
and Mn,0,, or between Mn,O, and Mn,Q,;. For these reasons it may 
confidently be said that at the most solid solution plays a very minor 
and unimportant role in the mutual relations of MnO and Mn,Q,, and of 
Mn,0, and Mn,O;. In considering the results of Simon and Fehér, it 
must be borne in mind that measurement of dissociation pressures is at 
best an uncertain method of investigating phase relations, especially 
where no control is made on the homogeneity of the products. The 
same method as was used by Simon and Fehér was earlier used by 
Sosman and Hostetter (98), when they investigated the system Fe,0,- 
Fe,0, and came to the conclusion that these two oxides were completely 
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miscible in the solid state, a conclusion that has since been shown to be 
completely erroneous. 

I have not made any systematic study on the phase relations in 
the system MnO-Mn,0,, but incidentally during the course of some 
experiments on the preparation of these oxides substances were obtained 
with composition lying between the compositions of the known oxides. 
From powder photographs all these substances were found to be 
inhomogeneous, being mechanical mixtures of two of the known oxi- 
des. These results are thus in agreement with those of Le Blanc and 
Wehner. The study of the occurrence of these manganese oxides as mi- 
nerals has also shown that mutual solid solution has no observable 
influence on the relations between them in nature. For material for these 
studies I have been confined to specimens from Langban, as this is the 
only locality where the three oxides MnO, Mn,0,, and Mn,O, occur 
in the same deposit. The relationships between manganosite, haus- 
mannite, and braunite (which for the purpose of this discussion may be 
considered as a variety of Mn,O;) have been thoroughly described by 
Magnusson in his monograph on the Langban ore-body (55), and I 
have nothing to add to his description. Magnusson observed that haus- 
mannite and manganosite often occurred together, and that in such an 
association manganosite occurred as cores in grains of hausmannite, 
suggesting that the hausmannite had been formed from manganosite 
by a process of oxidation. Where braunite and hausmannite occur 
together, the hausmannite has replaced the braunite, just as magnetite 
replaces hematite in the Langban iron ores. The cause is evidently the 
same in both cases, and is to be sought in a metamorphic process which 
had a reducing action upon the higher oxides, perhaps in connection 
with reducing fluids originating from magmatic sources. It was found 
by experiment during this investigation that braunite is easily reduced 
by hydrogen at 800°, the products being MnO and Mn,Si0,. Less ener- 
getic reduction would presumably lead to the formation of Mn,O, 
instead of MnO. The replacement of braunite by hausmannite must 
result in the setting-free of SiO,, and the question arises as to the ulti- 
‘mate fate of this silica. At Langban it appears to have been absorbed 
in the formation of silicates such as manganese pyroxenes, amphiboles, 
olivines and micas. 

Since at Langban braunite is replaced by hausmannite it is to be 
expected that bixbyite should also be replaced by hausmannite. Bix- 
byite is much rarer than braunite, so the chances of observing such a 
replacement are rather small, but I have seen it in a couple of specimens. 
These specimens showed crystals of bixbyite and braunite occurring 
together in a manganophyllite-calcite rock, and my attention was drawn 


ty 
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to them by the bixbyite crystals being larger and less lustrous than 
usual, and showing a well-developed parting, a feature which is ne 
typical of bixbyite. Polished sections of these specimens showed that the 
bixbyite had been largely replaced by a fine-grained hausmannite, se 
fine-grained indeed that it was difficult to identify in the microscop 
The identification was checked, however, by a powder photograph of 
material bored from the section; the powder photograph showed the 
lines both of the bixbyite and the hausmannite. Thus bixbyite is also 
readily affected by a reducing environment and is then converted inte 
hausmannite; indeed, it seems to be even more readily replaced under 
such conditions than braunite, as hausmannite replacement had appa 
rently not affected the braunite crystals in the same section. 


The system FeO — MnO. 


From the purely mineralogical viewpoint the system FeO-Mn0O is of 
little interest. FeO, or rather wiistite, is not known as a mineral, and 
MnO, manganosite, is extremely rare, and it is thus evident that the 
chances of finding substances belonging to this system in nature are 
very small. However, this system is of great importance in the study 
of the mineralogy of slags and of slag inclusions in iron and steel, as these 
oxides play a significant part in smelting processes. A short discussion 
of the principal features is therefore not out of place here. 


For the first it must be emphasised that the system FeO-MnO is only y 
quasi-binary, since FeO does not exist as such, but as the phase wiistite, 
_ which always contains more oxygen than corresponds to FeO; moreover 

wiistite disintegrates into Fe and Fe,0, below 575°. This system is there 
fore more correctly regarded as a section of the ternary system Fe-Mn-O. 
However, it is simpler to deal with it as a binary system of FeO and MnO. 
and qualitatively this procedure probably does not lead to serious error, 
This procedure is also necessary in order to interpret the results of 
those who have investigated this system, as none of them have taken 
the above factors into account. 


All the investigations on the system FeOQ-MnO have been made 
by workers interested in slags and slag systems. On one point only is 
there general agreement: all mixtures of FeO and MnO are completely 
miscible in the liquid state. Apart from that there is much discordance 
between the different investigators, essentially as to whether or not there 
is complete miscibility in the solid state also. Fig. 4 presents the diffe- 
rent viewpoints. Hay and co-workers (37) gave a phase diagram simila 
in principle to that earlier proposed by Benedicks and Léfquist (6), 
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Figure 4. The system FeO-MnO. 
Hay & co-workers (37); ———— Herty (39). 


showing a region of immiscibility in the solid state. Herty (39), and later 
Andrew and co-workers (3), published essentially identical phase dia- 
grams, and state that FeO and MnO are completely miscible both in 
the liquid and the solid state. I have not seen any description of the 
experimental work on which Herty based his conclusions, but Andrew 
and co-workers constructed their phase diagram on the basis of heating 
and cooling curves. Their photographs of polished sections of the speci- 
mens used for the heating and cooling experiments, however, hardly 
support their statement that there is complete miscibility in the solid 
state. Most of the specimens containing both FeO and MnO appear to 
show two phases, often very clearly, and one of their photographs (of 
4 specimen containing 50 % FeO, 50 % MnO) shows a typical exsolution 
structure with lamellae of one phase oriented along the crystallographic 
directions in the other.! In addition, they claim to have prepared a 
homogeneous product containing 99.5 % FeO by decomposition of 
errous oxalate, a claim which is opposed by all investigations on the 


1 A statement by Herty (39, p. 4) that when steel was deoxidized by the addition 
f manganese, typical globules (of oxide) were encountered, some of which showed at 
east two phases, also conflicts with his diagram showing complete miscibility of MnO 
d FeO in the solid state. 
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stability limits of the wiistite phase. Serious objections can therefore be 
raised to the statements of Andrew and his co-workers, and it must be 
considered doubtful if their representation of the FeO-MnO system is 
reliable. Hay and co-workers also used the method of heating and cooling 
curves for determining the phase boundaries, but in addition they de- 
termined the homogeneity or otherwise of their samples by optica 
examination, finding that in samples with between 20—50 % MnO two 
phases were present in the solid state. They also determined the lattice 
dimensions of the pure oxides by means of powder photographs, but 
omitted to do the same for their intermediate phases. 

Taking all the evidence into consideration it appears most likely that 
in this system there is a region of immiscibility in the solid state. This 
was the opinion of Benedicks and Léfquist, and of Hay and his co-work- 
ers, and a recent investigation of this system by Grieve and White (33) 
is apparently in agreement, although I have not seen their paper other 
than in the form of a short abstract. My own experience of this system 
is limited to an investigation of the mineralogy of some slags from the 
basic open-hearth process. In general these slags contained too little 
manganese and too much magnesium for the oxide phase to be considered 
as belonging to the FeO-MnO system. One slag, however, was exception- 
ally rich in manganese, and it was possible to extract the oxide phase im 
a rather pure state from the powdered slag by the use of Clerici solution. 
The separated oxide was analysed and found to consist largely of FeQ 
and MnO in the proportion of 2 : 3, with only a little CaO and MgO in 
solid solution. A powder photograph of this oxide phase showed that it 
consisted of one phase only, with a cell edge of 4.36 A,approximately 
midway between that of FeO and that of MnO. Polished sections of this 
slag also showed that the oxide phase was homogeneous. At first sight 
this result might appear contrary to the evidence for incomplete. misci- 
bility of FeO and MnO in the solid state. However, the composition of 
this one oxide phase appears to fall outside the two phase region; 
also the rate of cooling of the slag was probably so great that the 
homogeneous FeO-MnO liquid did not have time to unmix in the solid 
state, even if it should theoretically have done so. It is likely that 
statements on the complete miscibility of FeO and MnO in the solid 
state are based on the examination of specimens which were actually 
in a metastable state, the conditions of cooling having been such that 
unmixing could not take place. Such a relation is certainly true for 
the rather similar system MnO-MgO, where synthetic studies fixed a 
much more extensive miscibility in the solid state than actually holds 
good at ordinary temperatures (Frondel, 28). 
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The system Fe,0,—Mn,0,. 


Of all the binary systems within the scope of this paper the system 
Fe;0,-Mn;0, is probably the most interesting, both from physico- 
chemical and mineralogical viewpoints; physicochemically because of 
the structural relationship between Fe,0,, which has a cubic lattice of 
the spinel type, and Mn,O,, with a tetragonal lattice which can, however, 
be looked upon as a deformed spinel lattice; mineralogically because so 
many minerals have been described whose composition shows that they 
belong to this system — magnetite, manganmagnetite, manganomagne- 
tite, jacobsite, vredenburgite, hausmannite. It is therefore surprising to 
find that our knowledge of the quantitative relations in this system is 
extremely limited. In the literature I have not found any attempt to 
draw up a phase diagram for the system, nor have any composition limits 
for the different mineral species been proposed. 

In order to investigate the phase relations in this system a series of 
preparations were made covering systematically all compositions be- 
tween Fe,O, and Mn,0, at intervals of 10 mol% and occasionally also at 
5 mol%. These preparations were made in the following way: manganous 
sulphate and ferrous sulphate were weighed out in the desired proportions 
and dissolved in hot water, the solution precipitated by means of a small 
excess of sodium hydroxide solution, the precipitate of hydroxides 
washed first by decantation and then on a filter until free from sulphate, 
and dried by heating in an oven with free access of air at 165° for 24 
hours. The products thus obtained were converted to (Fe, Mn),0, by 
heating in an electric furnace at 1150°—1300° for periods varying from 
12 to 20 hours. Under these conditions it was possible to obtain homo- 
geneous preparations covering the range from 20—100 % Mn,Q,.! 
Syntheses containing less than 20 % Mn,O, could not be prepared 
in this way without exceeding 1300°, beyond the capacity of the furnaces 
available. 

The phase relations in these products were investigated by means of 
powder photographs. All the products were found to consist of one 
phase only, indicating that Fe,0, and Mn,Q, are completely miscible 
in the solid state at about 1200°. The variation of lattice dimensions 
with composition is given in Fig. 5. With increasing amount of manganese 
in solid solution the lattice dimensions increase steadily from 8.38 A 
for pure Fe,0, to a limit of 8.51 A at about 60 % Mn,0,. At that point 


1 In order to control that the composition of the products corresponded to the amounts 
of manganous and ferrous sulphate taken, the percentages of iron in some of the samples 
were confirmed by chemical analysis (by Dr. Naima Sahlbom). 
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Figure 5. The variation of lattice dimensions with composition in the 
system Fe,0,—Mn,0,. 


© present investigation; () Montoro (66). 


the cubic lattice is not longer stable, and becomes deformed into a tetr 
gonal lattice, the ratio c/a increasing continuously from 1 at 60% 
Mn,0, to 1.16 at 100 % Mn,0,. The length of the a axis decreases to 8.1: 
A, that of the c axis increases to 9.43 A. The volume of the unit cell 
increases from 588 A for pure Fe,O, to 625 A® for Mn,O, (Fig. 6). : 

It is evident that the replacement of iron by the larger manganese 
atoms results in an increase in size of the unit cell. Probably also it is 
the size or a certain asymmetry of the manganese atoms which cause 
the deformation of the cubic cell to a tetragonal one. Thus ZnMn,' 
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Figure 6. The variation in cell volume and axial ratio in the 
system Fe,0,—Mn,0,. 


has the same tetragonal structure as Mn,O,, although all other zine 
spinels are cubic. It is evident that the limit of stability of the spinel 
structure in general lies at an ionic size close to that of manganese, as 
slightly larger ions, such as calcium, do not form compounds of the spinel 
type. 

This apparently continuous change from a structure with cubic sym- 
metry to one with tetragonal symmetry is at first sight rather startling. 
Only two other examples of such a change are known to me, the copper- 
manganese system described by Persson (80) and the iron-manganese 
system described by Ohman (73), in which copper and iron (cubic) 
form a complete series of solid solutions with manganese (tetragonal). 
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Both Persson and Ohman reckoned with the possibility that the transi 
tion from cubic to tetragonal symmetry was a discontinuous process. 
Although in spite of much effort they were unable to show the occurren 
of any two-phase region separating the cubic and tetragonal phases, the 
introduced into their phase diagrams a very limited conjectural tw 
phase area, in order to show the possibility of a discontinuity. It 1 
perhaps difficult to conceive of a continuous transition from cubic 
tetragonal symmetry, since such a lowering of symmetry in itself im- 
plies a discontinuity. Even the relatively slight change in symmetr 
from high to low quartz is not a continuous process. The curve 
showing the variation of refractive indices of the two forms approac 
each other towards the transition point, but they do not meet. 
The system Fe,0,-Mn,0, is quite similar to the systems Fe-Mn an 
Cu-Mn as far as the transition from a cubic to a tetragonal lattice i 
concerned. My observations are that a preparation containing 60 % 
Mn,0, has a cubic lattice, one with 65 % Mn,O, a tetragonal lattice, an 
that from the curves showing the change of lattice dimensions wit 
composition there appears to be a continuous transition between the two. 
If there is a two-phase area separating them I have not been able t 
observe it, and it must in any case be very limited. In the range betwee 
60 % and 70 % Mn,0, it is difficult to make the preparations homogen 
eous, and the lines in the powder photographs are more diffuse tha 
usual, but these powder photographs showed no lines that could not be 
interpreted as lines of the tetragonal lattice. The volume of the unit 
cell also appears to increase continuously in spite of the transition fro 
the cubic to the tetragonal lattice. As will be described later, the curv 
of the variation of magnetic susceptibility with composition shows 
slight arrest between 60 % and 70 % Mn,0,, but I am not convinall 
that this arrest is significant, as it can be due to other factors, such as 
experimental error, or degree of packing of the preparation when th 
determination was made. On the whole, I believe on the evidence avail: 
able that in the system Fe,0,-Mn,0, there is a continuous transition 
from a cubic to a tetragonal lattice, but I do not deny that weighty 
considerations can be advanced for the improbability of such a ian 
sition. 
Apart from isolated determinations on the lattice dimensions of 
the so-called manganoferrite, MnFe,0,, the only investigation of th 
system Fe,0,-Mn,0, by X-ray methods is that of Montoro (66). H 
made synthetic preparations covering the range from Fe,0, to Mn,0, 
by the same method as I employed, and measured their lattice dimen 
sions from powder photographs. His determinations are plotted o 
Fig. 5, and it can be seen that on the whole they are in reasonabl 
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agreement with my own figures. He also found a continuous transition 
from a cubic to a tetragonal lattice, but he placed the transition point 
at 66.7 % Mn,0,, somewhat higher than that found in this investiga- 
tion. Montoro believed that this transition point was linked with the 
formation of a ferrous manganite, FeO-Mn,0;, which would have 
exactly the composition 66.7 °% Mn,0,. His curve for the variation 
of lattice dimensions with composition also shows an irregularity at 
33.3 % Mn,O,, which he ascribed to the presence of a compound 
MnO - Fe,0;, manganous ferrite. I believe that this irregularity is more 
imaginary than real, being within the possible limit of error in deter- 
mining the lattice dimensions. The existence of a definite compound 
MnO - Fe,0; is hardly more reasonable than the existence of a compound 
labradorite in the albite-anorthite series; both are simply artificial 
points in a solid solution series. The same is also true of the supposed 
ferrous manganite, FeO -Mn,0,; more and better evidence is required 
for the existence of this compound than that advanced by Montoro, 
im particular, evidence that all the iron in it is divalent and all the 
manganese trivalent. 

So far the only information that has been obtained towards building 
up a phase diagram for the Fe,;O,-Mn,O, system is that at 1200° the 
two oxides are completely miscible. The melting temperatures in this 
system are higher than could be investigated with the equipment 
available. However, the approximate form and position of the liqui- 
dus-solidus boundaries can be derived from melting-point determina- 
tions by other investigators. The melting point of Fe,O, is 1591° (Greig 
and co-workers, 32); that of Mn,O, 1565° (Wartenburg & Reusch, 
118); and that of manganese ferrite, MnFe,O,, is 1570° (van Arkel 
and co-workers, 106). It is on the basis of this admittedly rather meagre 
data that the liquidus and solidus curves are drawn in the phase dia- 
gram (Fig. 7). Since, however, there is a considerable area of immis- 
cibility of two phases at lower temperatures it is possible that future 
investigation will reveal a minimum on the solidus-liquidus curves 
between 60 % and 90 % Mn,0,, analogous to that present in other 
systems of this type. 

The researches so far described and discussed give a picture of the 
phase relations in this system at high temperatures, but say nothing as 
to conditions at low temperatures. Since the solid solutions prepared 
at high temperatures show no signs of exsolution at ordinary tempera- 
tures, it might be thought that the miscibility of Fe,O, and Mn,Q, 
is complete at all temperatures. It was first the examination of a speci- 
men from Langban which revealed the presence of a region of immis- ~ 
cibility in this system and enabled the approximate limits of this re- 
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Figure 7. The system Fe,0,;—Mn,0,. 


gion to be fixed. This specimen, which by qualitative analysis was 
found to be an iron-manganese oxide, gave a powder photograph 
showing the presence of two phases, one of which was jacobsite, the 
other a tetragonal phase with structure as that of pure Mn,0, but with 
different lattice dimensions and a lower axial ratio, evidently due to 
the presence of iron in solid solution. A polished section of the speci- 
men showed a beautifully regular structure, lamellae of an anisotropi¢ 
“mineral (the tetragonal phase) being oriented along the octahedral 
planes of the isotropic groundmass (the jacobsite). It was then realiz- 
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d that the specimen was the mineral vredenburgite, described by 
fermor in 1908 (21), and in 1931 shown to be an intergrowth of two 
listinct minerals, independently by Orcel and Pavlovitch (74) in France 
ind Schneiderhéhn and Ramdohr (93) in Germany. Schneiderhéhn and 
Ramdohr identified the two minerals of the intergrowth as jacobsite 
ind hausmannite, and pointed out that the structure was typical of 
xsolution on cooling of a mix-crystal formed at higher tempera- 
ures. 

Thus in nature we find minerals which have reached a state of equi- 
ibrium which in general cannot be reproduced with laboratory pro- 
lucts. The mineral intergrowth known as vredenburgite has evidently 
een formed as a homogeneous mix-crystal under conditions of elevat- 
d temperature and pressure. However, the return to normal tempe- 
ature and pressure has proceeded sufficiently slowly for a continual 
eadjustment to the new conditions, with the consequence that the 
1atural mineral is in a state of equilibrium even under present condi- 
ions. Therefore the composition of the two phases making up vreden- 
nurgite represent the limiting values of the solubility of Mn,O, in Fe,0, 
ynd of Fe,O, in Mn;O, at normal temperatures and pressures. 

Thus in order to determine the position of the limits of solid solution 
n the phase diagram of the system Fe,0,-Mn,0, it is only necessary 
0 determine the composition of each of the two phases in vreden- 
ourgite. It is not possible to do this directly, by separating the two 
ohases and analysing them individually; the two phases are so in- 
imately intergrown that no known method of separation would be 
ikely to give a pure concentrate of either or both of them. Under such 
sircumstances recourse must be had to determining the chemical com- 
osition of the individual phases from the measurement of some phy- 
ical property which shows a regular variation with composition. Since 
the powder photographs of the Langban vredenburgite showed the 
ines both of the cubic and the tetragonal phases it was a simple matter 
0 determine the lattice dimensions of the two phases. For the cubic 
phase the cell edge a was 8.50 A, for the tetragonal phase a = 8.17 A, 
s = 9.35 A, c/a = 1.144. Now from the lattice dimensions of labora- 
pory products of known composition the curve correlating chemical 
somposition with lattice dimensions in the Fe,0,-Mn,0O, system was 
obtained (Fig. 5). Conversely, from the lattice dimensions of a sub- 
stance belonging to this system it is possible to read off from Fig. 5 
the composition corresponding to these dimensions. Thus the lattice 
dimensions a = 8.17 A, c = 9.35 A correspond to a composition of 
91 % Mn,0., 9 % Fe,0,, and from the probable experimental error 
involved in the determinations the accuracy of the composition deriv- 
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ed in this way can be put as + 2 %.! The cell edge of the cubic phase, 
8.50 A, corresponds to a composition of about 50 % Fe,O,., 50 % Mn;0, 
here, unfortunately, the accuracy is not nearly so great, as betwee 
40 % and 60 % Mn,0, the lattice dimensions vary only slightly wit 
composition. However, a lucky chance enabled the composition of th 
limiting cubic phase to be determined with as great an accuracy a 
for the tetragonal phase. A specimen of vredenburgite from Langban 
was found which consisted almost entirely of the cubic phase. A po- 
lished section showed only rare lamellae of the tetragonal phase, and 
its amount was insufficient to give the characteristic lines on powder 
photographs. The amount of the tetragonal phase present was esti- 
mated at 5 % or less. An analysis of the specimen gave Mn,O0, = 55.9%, 
From these facts the limiting composition of the cubic phase could 
be placed at 54 °% Mn,0, with an accuracy of about + 2 %. 

The determination of the solubility limits of Fe,O, in Mn,O, and of © 
Mn,0, in Fe,0, from the determination of the composition of the two 
phases in vredenburgite rests on the assumption — from previous 
discussions a reasonable assumption — that the vredenburgite is in 
a state of equilibrium. The correctness of this assumption cannot be ~ 
directly proved, but is substantiated by the following argument. If 
the mineral vredenburgite represents a state of equilibrium in the™ 
system Fe,0,-Mn,0,, then all vredenburgites, whatever their origin 
and whatever their bulk composition within the immiscibility limits — 
of the system, should consist of an oriented intergrowth of the cubic 
phase and the tetragonal phase, and the composition of these two 
phases should always be the same, variations in bulk composition 
being compensated by variation in the relative amounts of the two 
phases. Since the composition of the two phases should always be the 
same, the lattice dimensions of the two phases should also always be — 
the same. 

-Thus this line of reasoning can be checked by the determination 
of the lattice dimensions of as many specimens of vredenburgite as 
possible. Such a check is not so easily carried out in practice, as vreden-_ 
burgite is a comparatively rare mineral, on account of the special 
combination of circumstances necessary for its formation. It is confined — 
to metamorphosed ore deposits containing both iron and manganese, 
and the only localities where it has been identified are the Langban 
and Jakobsberg mines in Sweden and several of the manganese mines 
in the metamorphic ore deposits of India. I have had material from all © 

+ This tigure for the limiting miscibility of Fe,O, is confirmed by the finding a specimen ; 
of homogeneous hausmannite from Langban with 6.91 % Fe,0,; the lattice dimensions — 


of this specimen were a = 8.16 A, c = 9.35 A, very close to those of the hausmannite — 
in the vredenburgite intergrowth. a 


it 
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these localities and from powder photographs have determined the 
lattice dimensions of the phases present. The lattice dimensions of the 
tetragonal phase could not always be determined, either because it was 
present in insufficient quantity to give lines in the powder photo- 
graphs, as in some Langban specimens, or because it had partly or wholly 
been replaced by pyrolusite and psilomelane, as was usual in the material 
from India. The results with different specimens are given in the follow- 
ing table. 


deub. atetr. Ctetr. c/atetr. 
on ea er er 8.50 8.17 9.35 1.44 
oo TESS 0) Iara eee 8.50 -— a — 
Mernnepermet oc. s . 8.50 8.16 9.34 1145 
MemOnsnerge 2 we ee 8.50 8.16 9.35 1.146 
BONAHONBES Sn 5s te se 8.49 8.15 9.34 1.146 
Medur (India) ........ 8.48 8.16 9.37 1.148 
Te) rrr 8.48 8.16 9.37 1.148 
«SEES | ge 8.48 8.17 9.33 1.142 


At first glance the constancy of the lattice dimensions, although 
reasonably good, is perhaps not so precise as might be demanded. How- 
ever, two factors must be borne in mind when considering these figures. 
Firstly the possible experimental error in the determination of the lattice 
dimensions is + 0.01 A, although in general I believe the accuracy is 
greater, perhaps + 0.005 A, so that this factor is insufficient to fully 
explain the variation in the lattice dimensions of the two phases. 
The second factor, and the important one, is that these natural minerals 
rarely contain iron and manganese alone, but also other elements in 
solid solution, and these foreign elements naturally affect the lattice 
dimensions. The Langban specimens have proved to be practically 
pure (Mn, Fe),0,, so that conclusions drawn from the investigation 
of these specimens can be directly applied to the elucidation of the 
system Fe,0,-Mn,0,. Both the Jakobsberg and the Indian vredenbur- 
sites, however, contain small amounts of other elements, the most 
important being magnesium, analyses showing 1 % or more MgO. 
Since magnesium atoms are smaller than those of iron and manganese, 
the presence of magnesium in solid solution will result in a lowering of 
the lattice dimensions of the two phases in vredenburgite, and this is 
evidently the explanation of the decrease in the lattice dimensions of 
the vredenburgites from Jakobsberg and Kodur in comparison with the 
lattice dimensions of the vredenburgite from Langban. When due allow- 
ance is made for this effect it is evident that the above figures do sub- 
stantiate the assumption that these vredenburgites represent a system 
in equilibrium. 

Thus from the investigation of vredenburgite it has been possible 
60 show that at ordinary temperatures there is a considerable region 
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of immiscibility in the Fe,O,-Mn,0, system, extending from 54 % 
91 % Mn,0,. Since the miscibility of two phases generally increases 
with increasing temperature, this region of immiscibility must grow 
smaller at higher temperatures and at a sufficiently high temperatur 
will disappear altogether; above this temperature only homogeneous 
solid solutions of Fe,O, and Mn,O, will be formed. This temperature 
must lie below 1200°, since all the artificial preparations which were 
made for the investigation of the Fe,0,-Mn,O, system were homogeneous 
at this temperature. Natural vredenburgites become homogeneous also 
when heated for 24 hours at 1100° or higher. Attempts were made 
to determine the extent of the region of immiscibility in the phase 
diagram by heating. the homogeneous laboratory preparations in eva- 
cuated tubes at different temperatures between 500° and 1000° (the 
evacuated tubes were necessary in order to prevent oxidation to the 
RO, oxide at these lower temperatures). Unfortunately the experimental 
results are not as complete as was hoped; it was found that at 700° 
and below no readjustment took place, even after heating the samples 
for three days, so that at these temperatures no information was ob- 
tained. At 750° the samples with 10 %, 30 %, and 35 % Mn,O, were 
still homogeneous, but the sample with 20 94 Mn,0, had disintegrated 
into two phases; the lattice dimensions of one phase were a= 8.19 A, 
¢ = 9.28 A, corresponding to 16 °% Mn,O,, the lattice dimensions of the 
second phase were a = 8.28 A, c= 9.03 A, corresponding to 28 % 
Mn,0,. At 950° all the samples remained completely homogeneous; 
the culminating point of the region of immiscibility must therefore lie 
below this temperature. It is on the basis of this rather meagre data 
that the curve bounding the region of immiscibility in Fig. 7 has been 
drawn. It is somewhat asymmetrical in the direction of Mn,0,, and its 
culminating point lies between 800° and 900°. The curve is drawn in 
broken lines, to indicate that it is somewhat conjectural, although I~ 
believe that it is at least qualitatively correct. 

An important feature of the Fe,0,-Mn,0, system is the occurrence of 
ferromagnetism. FeO, is strongly ferromagnetic, Mn,O, is paramag- 
netic, but little has hitherto been known concerning the magnetic pro- 
perties of intermediate substances. Jacobsite is as strongly attracted by 
a magnet as magnetite, whereas hausmannite is completely indifferent. 
Vredenburgite is as magnetic as magnetite, on account of the jacobsite 
present in it. Evidently the change from paramagnetic to ferromagnetic 
lies in the region between pure Mn,Q, and 54 ° Mn,0,, 46 % FesO,. 
In order to determine the nature of this change measurements of magnet- 
ic susceptibility were made on the synthetic preparations containing 
from 0—55 % Fe,O, in solid solution with Mn,0,. These measurements 
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figure 8. The variation of specific susceptibility with composition in the system 
Fe,0,—Mp,0,. 
<x Wedekind & Horst (119); @ Deb (16). 
were made with a magnetometer built by Sture Werner of the Swedish 
Geological Survey and with his assistance, and I would like to express 
my thanks for this help. The results are expressed in Fig. 8, which shows 
the variation of the specific susceptibility with composition. The curve 
is a continuous one, the susceptibility increasing with increase in Fe,Q,. 
[hus it can be said that the degree of magnetism is a function of the 
sontent of Fe,O,. Considering the individual determinations, Fig. 8 shows 
shat there is possibly a slight arrest between 30 % and 40 % Fe,0,, 
as the preparation with 35 % Fe,0, gave almost the same value for 
the specific susceptibility as the preparation with 30 % Fe,Q,. I am 
not convinced, however, that this arrest is significant, because the 
material used in this determination underwent a somewhat different 
heat treatment during its preparation, being calcined at a temperature 
about 100° above that used for the others. The same is true for the 
sample with 55 % Fe,0,, which also falls slightly off the smooth curve. 
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There is very little published data on the magnetic susceptibilities of 
these manganese-iron oxides. Wedekind and Horst (119) determined 
the susceptibility of artificial Mn,O, and found it to be 65.5 x 107 
egs units. Deb (16) has measured the susceptibility of hausmannite 
from Thuringia and found a value of the order of 95 x 10~° egs units. 
These values are plotted on Fig. 8 and are in reasonably good agreement 
with the results obtained in this investigation. Deb also determined 
the susceptibility of a specimen of jacobsite from Sweden (probably 
from Jakobsberg) and found that it was greater than 85000 x 10~° egs 
units. The composition of the jacobsite was not determined, but from 
Fig. 8 the susceptibility lies on that part of the curve at about 50 % 
and greater of Fe,0,. The susceptibility of jacobsite is evidently muck 
the same as that of magnetite, and the degree of ferromagnetism first 
begins to decrease rapidly below a content of 40 % Fe,0,. 

Having determined the main features of the phase diagram, it is now 
possible to make a rational survey of the mineral species comprised 
within the system Fe,0,-Mn,0,, and to fix definite limits for their com-_ 
position. Leaving out redundant names, there are four reasonably we 
established species in this system: magnetite, jacobsite, vredenburgite, 
and hausmannite. The composition limits of hausmannite and vreden- 
burgite are readily and unambiguously fixed from the phase diagram 
Vredenburgite signifies those substances whose composition les within” 
the area of immiscibility, i. e. between 54 % and 91 % Mn,0,. Vreden- 
burgite cannot be considered as an individual species in the strict sense, 
as it is an oriented intergrowth of two distinct species, jacobsite and 
hausmannite. However, it is clearly necessary to have a name to design- 
ate such an intergrowth, just as the name titanomagnetite is accepted — 
for the oriented intergrowths of ilmenite in magnetite which are also 
a result of exsolution. All vredenburgites so far described show the 
typical oriented intergrowth of jacobsite and hausmannite, but it is 
conceivable that specimens may be found in which exsolution has noé 
taken place, and which would therefore be completely homogeneous, 
just as the homogeneous titanomagnetites which are not uncommon 
in lavas. I believe that I have observed such a homogeneous vreden 
burgite in a polished section of a specimen from Langban, but have yet 
to obtain definite proof; unfortunately it occurs so intimately mixed 
with bixbyite that it is impossible to extract it for analysis.1 The 
properties of such an undissociated vredenburgite are closely similar to 

‘ The evidence for this specimen containing a homozeneous vredenburgite is in the 
powder photographs. These show the lines corresponding to two phases, one being 
bixbyite, the other a tetragonal (Mn, Fe),0, phase with a = 8.25 A, c = 9.09 A, 


equivalent, from Fig. 5, to a composition Mn,O, = 75 %, Fe,0, = 25 %, within the 
vredenburgite field. 
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those of hausmannite and it might easily be classed as hausmannite, but 
if its composition lies between 54 % and 91 °% Mn,O, it should be 
classed as vredenburgite, possibly with some distinguishing prefix such 
as a-vredenburgite, -vredenburgite signifying unmixed vredenburgite. 

The upper limit of the area of immiscibility in the Fe,0,-Mn,0, 
system lying at 91 % Mn,Q,, it follows that between 91—100 % Mn,0, 
only homogeneous crystals occur. Thus the term hausmannite covers 
Mn,O, with up to 9 % Fe,0, in solid solution. From the analyses of 
hausmannite which have been published, it appears that this mineral 
generally occurs as practically pure Mn,Q,, with little or no substitution 
of manganese by other elements. This is presumably due to lack of 
opportunity rather than to lack of ability to accomodate foreign elements 
in its space lattice. At Langban, which is probably the greatest deposit 
of hausmannite known, the mining engineers have tacitly assumed that 
the hausmannite itself is completely iron-free, and are occasionally 
troubled by the appearance of several percent of FeO, in the hausman- 
nite concentrate. When visiting the mine in the summer of 1942 I took 
the opportunity of collecting specimens from selected places in the ore- 
body, and found that although the hausmannite usually was so free 
from iron that it failed to give the thiocyanate test, occasionally it gave 
a strong positive reaction to this test. The cause was not far to seek; 
the specimens of hausmannite which gave a strong positive reaction all 
eame from parts of the mine where the manganese and iron ore-bodies, 
usually well separated, approached each other, and a transference of 
material had evidently taken place. 

The limits of the species vredenburgite and hausmannite are clearly 
fixed by bounding curves in the phase diagram. Not so, however, are 
the limits of magnetite and jacobsite. The lower limit of magnetite is 
obviously fixed at 0 % Mn,O,, the upper limit of jacobsite at 54 % 
Mn,0,. But where shall the boundary between jacobsite and magnetite 
be drawn? Jacobsite has generally been considered as manganese ferrite, 
MnFe,0,, but it has yet to be proved that this is an actual compound 
of one molecule of MnO with one molecule of Fe,O,; and not just a point 
in a continuous series of solid solutions of Mn,O, in Fe,0,. None of the 
published analyses of jacobsite corresponds to the theoretical MnFe,Q,. 
From a purely structural standpoint there are no grounds for differen- 
tiating between magnetite and jacobsite, and any definite boundary 
drawn between them must be an artificial and arbitrary one. Never- 
theless such a boundary must be drawn; jacobsite and magnetite have 
long been accepted as distinct minerals, and no good purpose would be 
served by attempting to unite them as a single species. Besides, apart 
altogether from chemical tests, the two minerals can be distinguished 
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— often of course only with much difficulty — by the differences in 
physical properties. The streak of magnetite is black, that of jacobsite 
dark brown; the specific gravity of jacobsite is slightly but distinctly 
lower than that of magnetite; in polished sections jacobsite shows an 
olive tinge which serves to distinguish it from magnetite, and sometimes 
has dark red inner reflections, something never found in magnetite. 
With powder photographs it is not difficult to distinguish the two min- 
erals, as the lattice dimensions of jacobsite are considerably higher than 
those of magnetite. However, there is in any case a complete transition 
between the two minerals, and wherever the boundary between them is 
drawn, those specimens whose composition falls close to this boundary 
will have to be named from their chemical composition alone. The 
problem is further complicated by the common presence of magnesium 
in solid solution in jacobsites, and from published analyses there exists 
a continuous transition from jacobsite to magnesioferrite. After much 
consideration I believe that the most satisfactory solution is to call 
jacobsite all those specimens in which the theoretical manganoferrite 
molecule, MnFe,0,, is the dominant one. In the Fe,0,-Mn,0, system 
MnFe,0, corresponds to 33.3 % Mn;0,. Therefore the boundary between 
jacobsite and magnetite will le at a composition corresponding to 50 % 
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MnFe,0,, 50 % Fe,0,, i. e. at 16.7 % Mn,O,. The upper limit of jacobsi c 
is naturally fixed by the boundary against vredenburgite at 54 ¥ 
Mn,0,. Therefore by the above convention jacobsite is defined as in 
cluding all those specimens of (Fe, Mn),0, containing between 16. 
and 54 % Mn,0,. Where foreign elements, such as magnesium, are pres: 
ent in solid solution the name jacobsite is the valid one when th 
molecule MnFe,O, is dominant. 

The system Fe,0,-Mn,0, has thus been divided up into four mineral 
species according to the following scheme: magnetite, from 0—16.7% 
Mn,0,; jacobsite, from 16.7—54 % Mn,0,; vredenburgite, from 54— 
91 % Mn,0,; and hausmannite, from 91—100 % Mn,O,. On this basi 
I have plotted the apparently reliable analyses of these minerals on 
composition diagram (Fig. 9). On the vertical axis is plotted the percent 
age of MgO present when it has been determined, this being the most 
important foreign oxide. As the figure shows, it can reach nearly 10 %, 
On the whole the analyses are distributed rather evenly from Fe,0 
to Mn,Q,. There is, however, one marked gap without analyses, betwee 
TO—90 °% Mn,;0,. Chance alone is insufficient to explain this; and ¢ 
study of the phase diagram (Fig. 7) reveals the true reason. From th 
curve bounding the two phase region it can be seen that between 70 
85 % Mn,O, temperatures of 700° and higher are necessary for the for- 
mation of homogeneous phases. The absence of vredenburgites of this 
composition interval is evidently due to the fact that these tempera- 
tures are higher that were prevalent during the formation of this 
mineral in the manganese ore deposits. Hence the absence of vreden- 
burgites in this interval, and hence the gap in the series of analyses. 
The vredenburgites hitherto described appear to have been formed at 
temperatures between 500° and 700°. 

Some words of explanation are necessary regarding some of the 
analyses plotted in Fig. 9. Nos. 3 and 6 are of specimens of magnetite 
from Vaster Silvberg in Dalarna (Sweden) for which Weibull (120) 
initiated the subspecific name manganmagnetite. This name has been 
used occasionally in later years for magnetites containing manganese. 
However, I have preferred not to include manganmagnetite among 
the names for the different species in the Fe,0,-Mn,0, system, on ac- 
count of the possibility of confusion with manganomagnetite. Mangano- 
magnetite was described by Flink from Langban and has a very different 
composition from Weibull’s manganmagnetite, containing more mangan- 
ese than iron and falling within the field of vredenburgite. Mangan- 
magnetite may be an excellent name for specimens of magnetite con- 
taining insufficient manganese to be classed as jacobsite, but to prevent 
confusion it is best that the name be dropped. 
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This investigation has also resulted in the final writing-off of mangano- 
nagnetite as a mineral name. Flink described this mineral in 1885 (24, 
5) and realized that it was a spinel with affinities with magnetite and 
acobsite, but on account of its high content of manganese, much 
ligher than that of any jacobsite analysed up to that time, he decided 
© make it a new species and called it magnanomagnetite, The name 
las not won general acceptance, however, and in the mineralogical 
1andbooks manganomagnetite is classed as synonymous with jacobsite. 
When, however, the composition of manganomagnetite is plotted 
m the composition diagram it falls not in the jacobsite field, but in the 
medenburgite field! (Fig. 9, no. 21). As Flink described mangano- 
nagnetite while he was connected with the Mineralogical Institute of 
his university it was a simple matter to find his original material 
mong the type collections and reexamine it to confirm that it really 
vas vredenburgite. Powder photographs were first made of his analysed 
jpecimens, but these showed only the lines of jacobsite, hausmannite 
ines being completely missing. However, since the composition of 
nanganomagnetite was so close to the boundary of vredenburgite 
ugainst jacobsite there was always the possibility that the amount 
of hausmannite in the vredenburgite intergrowth was so small that 
t would fail to give reflections in the powder photographs. Polished 
sections were then made of the specimens, and this was found to be the 
vase. One polished section showed extremely narrow lamellae of haus- 
nannite evenly distributed in the characteristic intergrowth, whereas 
mother polished section showed no lamellae at all. However, it proved 
juite impossible to obtain good polished sections of these specimens; 
they had such a highly developed octahedral parting that they could 
9e crushed to a powder between the fingers, although the hardness of 
she mineral itself is about that of magnetite or jacobsite. Thus the sur- 
ace of the polished sections was interlaced with grooves and triangular 
gts in the directions of this octahedral parting. I have not observed 
his feature in any other specimen of vredenburgite or jacobsite, and 
selieve it to be due to submicroscopic lamellae of hausmannite which 
ave separated along these octahedral planes. In other vredenburgites 
which contain more manganese the hausmannite lamellae can grow 
vider and then do not have the same disintegrating effect. 


1 In this connection it is interesting to note that Schneiderhéhn and Ramdohr, in their 
k on ore-microscopy (93, p. 579) record a specimen of »stark Mn-haltiger Magnetit» 
om Tallgruvan, Norberg, Sweden, which showed an extraordinarily well-developed 
leavage, and suggest that this cleavage may be related to the high manganese content. 
owever, according to an oral communication from Professor P. Geijer, who has de- 
cribed the Tallgruvan paragenesis, no especially high manganese percentage is present 
ere. Furthermore, this characteristic cleavage is found in almost all Swedish magnetites 
at are associated with borates, and one analysed sample proved to contain only 0.18 
% MnoO. 
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Thus Flink recognized at Langban what is now known as vredenburgi 
over twenty years before Fermor described this mineral from the 
Indian manganese ores. At the time neither Flink nor Fermor had any 
idea of the true nature of this mineral as an oriented intergrowth o: 
jacobsite and hausmannite, this being first recognised as late as 1931, 
when the results obtained by Orcel and Pavlovitch and Schneiderhohn 
and Ramdohr from the study of polished sections were published. Thus 
on priority alone the specific name vredenburgite should be renounced — 
in favour of manganomagnetite. However — fortunately — there are 
ample grounds for not reviving the old name manganomagnetite. Firstly 
the name vredenburgite has become established as a result of the numer- 
ous investigations on this mineral during the past 15 years; secondly, | 
and perhaps more important, the name manganomagnetite is false in 
signification, and can be rejected on this ground. Manganomagnetite | 
signifies a manganese-rich magnetite, whereas Flink described what he 
realized was actually a manganese-rich jacobsite, and it is thus mis- 
leading that such a mineral should receive a name suggesting it to be 
a subspecies of magnetite. Under the circumstances priority is abandoned 
in this case and vredenburgite retained as the name for those minerals” 
whose composition falls within the area of immiscibility in the Fe,O.- 
Mn,O, system. 

Another analysis about which a few words may be said is that of 
vredenburgite from Jakobsberg, no. 26 in Fig. 9. This specimen was 
analysed and described by Johansson in 1928 (49). He had examined 
polished sections of it and observed that it was not homogeneous, but 
an intergrowth of two minerals, hausmannite and a spinel. He thus” 
fully understood its true nature, but did not discuss it further, and it 
remained for Schneiderhéhn and Ramdohr (93, p. 603) to point out that 
Johansson’s material was undoubtedly vredenburgite. During this 
investigation I examined a number of specimens from Jakobsberg and 
found several labelled as jacobsite were actually vredenburgite. It is 
probable that vredenburgite was not at all uncommon at Jakobsberg, 
but the chances of finding any specimens there now are small, as the 
mine has been abandoned and there is little to be seen and collected on 
the old dumps. 

During the past fifteen years a considerable literature has grown 
up around the vredenburgite from India, which has been the only 
material available to previous investigators. The microscopical features 
of this mineral and of the ores in which it occurs have been described 
by Orcel and Pavlovitch, Schneiderhéhn and Ramdohr, and more 
recently by Dunn (20). Some observations on polished sections have 
also been made by Deb (16), who in addition made the magnetic mea- 
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surements referred to in a previous section and also investigated vreden- 
burgite with powder photographs. In this way he could confirm that 
jacobsite was the main constituent of the intergrowth, but was unable 
to say anything about the other phase — probably because it (the haus- 
mannite) had been largely replaced by pyrolusite and psilomelane and 
so failed to give its characteristic reflections in the powder photographs. 
In addition to these physical investigations, an extensive investigation 
of the chemical composition of vredenburgite has been carried out by 
M. R. Anantanarayana Iyer of the Mysore Geological Department 
(44, 45). He was interested in finding a suitable formula for this mineral, 
and for this purpose he made five new analyses (Table 1). He also made 
a series of experiments with a view to separating the different minerals 
in vredenburgite by means of their selective solubility in a solution of 
oxalic and sulphuric acids, and in this way to determine their respective 
compositions. 


Table 1. 
Analyses of »vredenburgite> by M. R. Anantanarayana Iyer. 
ts 2. 2% 4, 5. 
DU yo) tee A 15.11 25.73 26.26 49.84 52.86 
TOPS 2 al ed a cd ae 33.11 30.84 32.09 A Nay ( 12.76 
EM ee eee 49.78 39.15 38.15 26.44 22.93 
98.00 95.72 96.50 87.85 88.55 


1. No. 779. Vredenburgite in psilomelane-braunite rock. Beldongri manganese mine, 
Nagpur district, Central Provinces. 

2. No. 690. Devada manganese mines, Vizagapatam district. 

3. No. 691. Kodur manganese mine, Vizagapatam district. 

4. No. 684 M. Vredenburgite magnetically separated from vesicular psilomelane, Kodur 
manganese mine. 

5. No. 692. Kodur manganese mine. 


(The numbers of the specimens are those of the Geological Survey of India’s 
collections.) 


An unfortunate deficiency in Iyer’s work, and one that largely nullifies 
his conclusions, is that there was no control over the mineralogical 
composition of his specimens, either with polished sections or by other 
means. He apparently relied upon the labelling for the identity of his 
material with vredenburgite. Actually two of his specimens were not, 
and never had been vredenburgite. By a curious chance I was able to 
obtain samples of Iyer’s material and investigate them with polished 
sections and by X-rays. Iyer sent these samples to Professor Ramdohr 
in Berlin, and Ramdohr, on hearing that we were investigating vreden- 
burgite in this institute, generously loaned them to us for the purpose 

of this investigation. The results of the examination of Iyer’s specimens 
were as follows: 

779. Polished section: not vredenburgite, but homogeneous jacobsite. 
The jacobsite is intersected by an irregular network of very narrow 
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veins of a white mineral, evidently pyrolusite or psilomelane; thi 
mineral is later than the jacobsite, replacing it along cracks. 

X-ray: powder photographs with sharp lines; all lines those of jacob- 
site; a = 8.49 A. 

690. Polished section: shows the typical structure of vredenburgi 
clearly even in ordinary light, as the hausmannite lamellae are comple 
tely replaced by pyrolusite or psilomelane, which is much whiter than 
the jacobsite. (In fresh vredenburgites, such as that from Langban, 
in which the hausmannite lamellae are unaltered, these lamellae ap-— 
pear somewhat greyer than the jacobsite, but do not stand out ve 
clearly in ordinary light.) 

X-ray: lines in the powder photographs somewhat diffuse, only jacob 
site lines visible: a = 8.44 A. 

691. Polished section: typical vredenburgite structure; the lamellae 
of two sorts, one wide and of considerable length, the other narrow and — 
short. Lamellae largely replaced by psilomelane or pyrolusite, but 
isolated and irregular remnants of hausmannite in the middle of the 
lamellae; replacement has gone farther in the wide lamellae than in the 
narrow, some of the latter still consisting entirely of hausmannite. 
The specimen is also veined with rather wide veins of pyrolusite or 
psilomelane. 

X-ray: lines in the powder photographs a little diffuse, but both 
jacobsite and hausmannite lines present; jacobsite a = 8.48 A, haus- 
mannite'a = 8.17 A, c==9.33 A. j 

684. Polished section: the specimen consists of a finegrained aggregate 
of psilomelane with scattered remnants of jacobsite: in one place the 
jacobsite showed traces of hausmannite lamellae, but otherwise it was 
completely homogeneous. Apparently the jacobsite once formed the 
whole specimen, but has been almost completely replaced by manganesem 
rich oxidizing solutions. 

X-ray: a magnetic concentrate was prepared, in order to find oud 
how pure a sample of the jacobsite could be obtained in this manner, 
but the powder photograph showed strong lines both of jacobsite and 
psilomelane, indicating that the separation was very incomplete; a for 
jacobsite 8.42 A. 

692. Polished section: vredenburgite present, but as in 690 the 
hausmannite lamellae are completely replaced by pyrolusite or psilo- 
melane; besides this replacement there is also a considerable amoun 
of these minerals present as isolated aggregates and veins, the vreden- 
burgite itself making up only 50—70 % of the whole specimen. 
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‘X-ray: the material for the powder photographs was separated 
from the pyrolusite or psilomelane by a magnet; the powder photograph 
showed only jacobsite lines, a = 8.40 A. 

It is evident that such material is quite unsuited for investigations 
into the composition of the primary vredenburgite. 

Nos. 684 M and 692 are so altered and impure that no good purpose 
is served by considering them further. Their analyses are not to be 
reckoned with as vredenburgite, and are not included in the analyses 
plotted on the composition diagram (Fig. 9). 

No. 779 is the least altered of all the specimens but unhappily is not 
vredenburgite at all, but jacobsite; apart from the polished section, 
this is shown by the fact that when Iyer’s analysis is calculated as (Mn, 
Fe),0, and plotted on Fig. 9 it falls at 50 °4 Mn,O, (No. 19), within the 
jacobsite field.t 

Thus of Iyer’s five analyses only two, nos. 690 and 691, can be con- 
sidered as vredenburgite, and even in these the hausmannite is partly 
or completely replaced by later alteration to pyrolusite or psilomelane. 

Iyer realized that there was free MnO, in all his specimens, and evi- 
dently believed that this MnO, had been formed quite independently 
of the vredenburgite, for he considered that if all this free MnO, could 
be removed from his specimens, then the residue would be vredenburgite, 
and an analysis of this residue would thus give the composition of the 
primary vredenburgite. He therefore treated the powdered specimens 
with sodium oxalate and dilute sulphuric acid to remove the free MnO,, 
analysed the residues, and from these analyses derived a formula 
which he considered to be the formula of vredenburgite itself. 

The procedure, however, is fundamentally unsound. The minerals 
present in Iyer’s specimens were jacobsite, pyrolusite, psilomelane, 
and in 691 hausmannite also. [yer made no experiments on the relative 
rates of solution of these minerals in sodium oxalate-dilute sulphuric 
acid mixtures, so his assumption that the residue after treatment was 
homogeneous is very shaky. Some qualitative tests which I have made 
with the above minerals show that jacobsite is the least attacked by 
such mixtures, so that Iyer’s residues were probably largely jacobsite. 
However, in those specimens in which vredenburgite was actually 
present — 690, 691, and 692 — it is extremely doubtful whether treat- 
ment with sodium oxalate and dilute sulphuric acid, however long 
continued, would ever leave a residue of pure jacobsite, since the oriented 


1 Dunn (20) examined polished sections of specimens marked with the same number, 
779, from the Geological Survey of India’s collection, and remarks that they represent 
the purest form of jacobsite so far found in India. He had two analyses made and these 
analyses (15 and 18 in Fig. 9) lie rather close to that of Iyer. Presumably Dunn’s and 
Tyer’s material of 779 were part of the same batch. 
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intergrowth which is vredenburgite is so fine-grained that even in the 
finest powder the grains would not be mono-mineralic, but consist 
jacobsite with lamellae of hausmannite, or in these specimens lamellae 
of pyrolusite and psilomelane, and the residue would thus always 
contain MnO, in excess. Even if Iyer’s procedure had accomplished what 
he believed it to do, then the analyses of his residues would by no means 
correspond to vredenburgite, but only to the jacobsite phase in the vre- 
denburgite. 

I have discussed Iyer’s work rather exhaustively, as his results 
were used by Fermor (23) as a basis for distinguishing between the 
original vredenburgite and Iyer’s 690 and 691, and creating a new name 
— devadite — for the latter. His grounds for doing this were that 
Iyer’s 690 and 691 from Devada and Kodur contained more iron than 
the type specimens from Beldongri and Garividi. The extent of this — 
difference is clearly seen by reference to Fig. 9 — the Devada-Kodur 
pair are nos. 22 and 23, the Beldongri-Garividi pair are nos. 24 and 25. 
Fermor evidently realized that these minerals formed part of a con- 
tinuous series, as he suggested that further research might result in the 
discovery of specimens intermediate in composition and foresaw the 
possibility of introducing still another name to cover such specimens! © 
He also foresaw that ambiguity would arise through the use of the : 
name vredenburgite in an extended sense for all specimens showing the ~ 
typical intergrowth and thus including devadite, and in a restricted : 
sense for those specimens identical chemically with the type material — 
from Beldongri and Garividi. His solution for this difficulty was simple; 
retain the term vredenburgite in the extended sense, and propose a 
special term for the original material. For the original material he 
suggested the name garividite; but with commendable restraint he 
remarks (23, p. 277) »This refinement seems unnecessary, however, 
at present». 

A brief consideration of Fig. 9 and the previous discussion on the 
Fe,0,-Mn,0, system shows the lack of reason in Fermor’s proposals, 
It is neither necessary nor desirable to divide up the vredenburgite field _ 
into two or more groups of minerals. On the contrary the minerals in 
this field definitely belong together. Names such as devadite and 
garividite have no place in a systematic terminology, and are stillborn, — 

All analyses of the Indian vredenburgites show MnO, in excess of that — 
required for the simple vredenburgite formula (Mn, Fe),0,. Iyer and — 
Fermor regard this as evidence that the primary vredenburgite itself 
contained more oxygen than corresponded to the R,O, formula. When 
Iyer found that the residues obtained after prolonged treatment of 
his specimens with sodium oxalate and dilute sulphuric acid contained 
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excess MnO, he concluded that this MnO, was present in the primary 
vredenburgite. This result can be otherwise explained. As shown above, 
it is doubtful if even prolonged treatment with sodium oxalate and dilute 
sulphuric acid sufficed to remove all the free MnO, from his specimens. 
In addition, even if excess MnO, were present in these specimens, it 
could be counterbalanced by the presence of lower oxides such as MgO, 
which were not determined in Iyer’s analyses, and the formula would 
still be R,0,. Qualitative tests have shown that at least magnesium is 
present in all Iyer’s specimens, and this variation in composition is 
reflected in the lattice dimensions of the jacobsite in them, which vary 
from 8.49 A down to 8.40 A, according to the amount of foreign elements 
present in solid solution in the iron-manganese oxide. 

Fermor, in his original description of vredenburgite (21, 22), believed 
that the excess MnO, was an integral part of this mineral and gave 
it the formula 3Mn,0, -2Fe.0;. In his latest paper (23) he takes up Iyer’s 
results and, combining them with his earlier work, develops this idea 
still further. He takes the original analyses of vredenburgite and those 
of Iyer’s specimens 690 and 691, assumes that they give the composition 
of the primary vredenburgite, and in this way gets a formula for this 
substance with more oxygen than corresponds with the formula R,O,. 
He therefore concludes that the primary vredenburgite was not a 
spinellid, and that on disintegration it broke down not into jacobsite 
and hausmannite alone, but into jacobsite, hausmannite, and free MnO,, 
the free MnO, being present as the minerals pyrolusite (or polianite) 
and psilomelane. 

Fermor supports his hypothesis with the belief that there is no 
evidence that the pyrolusite or polianite which is observed in polished 
sections of the Indian vredenburgite is later in age than the undoubtedly 
primary jacobsite and hausmannite. He completely overlooks the obser- 
vations of Schneiderhéhn and Ramdohr (93) and Dunn (20) — the latter 
on Fermor’s original specimens! — that the pyrolusite and psilomelane 
are products of the selective replacement and are therefore secondary. 
I have examined polished sections of a number of specimens of Indian 
vredenburgite from different localities and have observed pyrolusite 
or psilomelane in all of them; in no case was there anything to indicate 
that these minerals were primary; they typically replace the hausman- 
nite lamellae and leave the jacobsite largely unaffected, indicating the 
greater resistance of the latter mineral to alteration. 

On these grounds Fermor’s hypothesis of primary MnO, in vreden- 
burgite must be rejected. However, I do not wish to deny the possi- 
bility of the existence of compounds of the type R,O, with oxygen in 
excess of the stoichiometric formula. In fact such compounds are 
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known — e. g. y-Fe,0, and y-Mn,0, — and Verwey and van Brugger 
(108) have found that Fe,0, is soluble in Mn,O, at high temperatures 
giving substances with structures like those of the y-forms of the ses 
quioxides, with vacant metal positions in the spinel lattice. My stand- 
point is, however, that no satisfactory evidence has been advanced, 
either by Iyer or Fermor, that the MnO, in specimens of the Indian 
vredenburgite represents such excess oxygen. If such excess oxygen 
were present in these specimens, would it not appear as primary bix- 
byite (Fe, Mn),0;, rather than as primary MnO,? At Langban, for ex- 
ample, polished sections show the typical intergrowth of hausmannite 
and vredenburgite, and also a small amount of bixbyite. Although this 
bixbyite has apparently been formed at the same time as the vreden- 
burgite it is in no way related to the intergrowth of hausmannite and 
jacobsite, but occurs as isolated individual crystals. Here, at least, there 
is nothing to suggest that the excess oxygen represented by the (Mn, 
Fe),0, was at one time an original constituent of the primary vreden-_ 


burgite. 


The phase diagram of this system (Fig. 10) was worked out according 1 
to the same methods used in the investigation of the system Fe,0.-— 
Mn,0,. Preparations with known proportions of iron and manganese 7 
were obtained by precipitation with sodium hydroxide from a solution — 
of ferrous and manganous sulphate mixed in the required amounts. — 
The precipitates were washed free from sulphate and dried in air at 
165° for 24 hours. They were then heated in air at different temperatures — 
between 600° and 1000°, the period of heating being 48 hours in all cases. 
It is believed that this period was sufficiently long for the preparations — 
to reach equilibrium under the experimental conditions. The lower — 
temperature, 600°, was chosen to avoid the possible formation of — 
MnO,; the upper temperature, 1000°, was controlled by the dissociation — 
of these sesquioxides at higher temperatures. Pure Mn,0, dissociates — 
when heated in air at 940°, and the temperature of dissociation slowly j 
increases with increase in the amount of Fe,0, present, until a sample | 
containing 70 % Fe,0, begins to dissociate at about 1020°. With in- 
crease of Fe,O; beyond 70 °% the temperature of dissociation increases — 
rapidly, pure Fe,O, dissociating at 1388°. . 

The phases present were determined by X-ray investigation. No 
intermediate compounds of the two oxides were found. The only phases 
which occurred were the cubic form of Mn,0;, which was found to 
dissolve up to about 60 % Fe,O;, and the a-form of Fe,0;, with about 


The system Fe,0,—Mn,0,. 
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10—15 % Mn,0; in solid solution. The greatest experimental difficulty 
in the determination of the phase relations in this system by X-ray 
methods is that the lattice dimensions of Mn,0, do not change perceptibly 
as the amount of Fe,Q, in solid solution increases, nor do the lattice 
dimensions of Fe,O, change as the amount of Mn,O, in solid solution 
increases. The cell edge of pure Mn,Q, was found to be 9.400 A, that of a 
sample containing 60 % Fe.0, in solid solution 9.386 A, not greatly 
outside the limits of the error of measurement (-- 0.005 A in this case). 
No difference in lattice dimensions could be seen between pure Fe,0, 
and Fe,0, containing the maximum amount of Mn,0, in solid solution. 
Therefore it was not possible to fix the limits of solid solution at a certain 
temperature by determining the lattice dimensions of the two phases 
in a sample heterogeneous at that temperature, and from the lattice 
dimensions the composition of the two phases. Instead the only method 
available was to examine the powder photographs carefully and detect 
when all the lines present belonged to a single phase, or when lines of 
both the Fe,O, and the Mn,O,; phase were present. The sensitivity of 
this method is clearly dependent upon the smallest amount of the one 
phase which will give a characteristic line when mixed with the other 
phase. Fortunately, in the Fe,O,-Mn,0O; system the sensitivity of this 
method is greater than usual; by actual experiment it was found that 
as little as 5 % Fe,0,; mixed with Mn,O; was sufficient to bring out 
clearly the 321 reflection of Fe,O;, and as little as 5 % Mn,O, in Fe,0,; 
was sufficient to develop the 440 reflection of Mn,O;. Thus if a powder 
photograph of a certain sample showed the lines of one phase only, then 
it was certain that the sample in question contained not more than 
about 2—3 °% of the other phase. By this means the phase diagram 
(Fig. 10) was built up. 

I had hoped to get an additional check on the phase boundaries 
by measurements of the magnetic properties of the different prepara- 
tions. However, this proved to be impossible, as the susceptibility of all 

the preparations was smaller than could be measured with the apparatus 
available. 

It is desirable to point out that there is one source of inaccuracy in 
the determination of the phase boundaries of Fig. 10. It les in the 
temperature control during the heating of the preparations at the 
different temperatures. The nature of the equipment made it impossible 
to control the temperature of the electric furnaces used with an accuracy 
of greater than about + 20°. I do not believe, however, that the possible 
variation in temperature during the heating of the preparations was 
sufficient to produce any significant error in the systematic investiga- 
tion. 
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point is taken from Wretblad’s investigation.) 


Composition of bixbyite, localities: 1 & 2, Rio Chubut, Patagonia; 3, Thomas Range, _ 
Utah; 4, Sitapar, India; 5, Langban, Sweden; 6, Postmasburg, South Africa. 


Considering now the phase diagram in detail, it is seen that the 
maximum solubility of Mn,O; in Fe,O; is about 10—15 °%, and does not — 
vary greatly with change of temperature. The maximum solubility of 
Fe,0; in Mn,O,, on the other hand, is very dependent on the tempera- 
ture, increasing rapidly from less than 30 % at 600° to nearly 70 % at 
1000°. From the shape of the curves it would appear that at ordinary 
temperatures the maximum solubility of Mn,O, in Fe,0, is 10 % or a 
little more, that of Fe.O, in Mn,O, about 20 yee 
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_ Only two investigators, Wretblad (126) and Montoro (67), have 
previously studied the system Fe,0,-Mn,0;, and their results are more 
in the nature of isolated observations than a systematic study. Wret- 
blad made his preparations, which contained 15 %, 30 %, 45 %, and 
75 % Mn,Os, by heating either iron-manganese alloys or mixed crystals 
of MnCl, and FeCl, in a stream of oxygen at 800°, He investigated the 
products by means of powder photographs in the same way as in the 
present investigation. His results are plotted on the phase diagram 
(Fig. 10), and are in agreement with my own observations. Wretblad 
observed that the lattice dimensions of Fe,0,; and Mn,0, did not vary 
with the formation of solid solutions. He also noticed that the occurrence 
of the Utah bixbyite, with approximately 50 °% Fe,0, in solid solution 
in Mn,0,, stood in apparent contradiction to his results on the limits of 
mutual solubility of the two oxides. 

Montoro also found that the lattice dimensions of Fe,Q; and Mn,O; 
did not change as solid solutions were formed of the two oxides. He 
disagreed from Wretblad on the extent of the mutual solubility, stating 
that the solubility of Mn,O, in Fe,0, is practically zero, but that Mn,O,; 
can take up Fe,O, up toa ratio of Fe,O, : Mn,O, of 1:1. Neither Montoro 
nor Wretblad seem to have realized that the solubility of two substances 
in the solid state is dependent on the temperature, generally increasing 
with rising temperature. Thus the occurrence of a mineral with 50 % 
Fe,0, in solid solution in Mn,O, is only apparently inconsistent with 
Wretblad’s result that the solubility of Fe.O, in Mn,O, is not more than 
about 40 %. Wretblad’s determination is correct for the temperature 
at which it was made, but only at that temperature. Montoro’s 
statement that the solubility of Mn,O, in Fe,O; is practically zero 
is contradictory to the results of both Wretblad and myself; I believe 
Montoro’s statement to be incorrect, but as he gives no indication 
in his publication as to how he came to that result it is not possible 
to criticize it. 

_ The discussion of the mineralogical aspects of the system Fe,0,- 
Mn,0, is handicapped by the comparative rarity of bixbyite, with con- 
sequent lack of data concerning its variation in composition and its 
paragenesis. However, on Fig. 10 I have plotted the chemical composi- 
tion of the recorded bixbyites, expressed as (Mn, Fe),O, without con- 
sideration of the presence of foreign elements in solid solution. Nos. 1 
and 2 are bixbyites from Rio Chubut, Patagonia, analysed by Corti 
(15) and de Muozo (17); 3 is the original bixbyite from Thomas Range, 
Utah, described by Penfield and Foote (79); 4 is bixbyite (originally 
sitaparite) from Sitapar in India (21); 5 is bixbyite from Langban which 
I described in 1942 (57); and 6 is bixbyite from the manganese ores of 
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Postmasburg in South Africa.t The bixbyites fall into two groups: 
those with between 50—60 °% Fe,O,, and those with up to 30 % Fe,0, 
From the phase diagram it can be seen that temperatures of 850°—950 
are necessary for the formation of homogeneous mix-crystals of Mn,0. 
with 50—-60 % Fe,0,;. The formation of mix-crystals of Mn,O; with 
amounts of Fe,0, up to 30 %, however, does not require nearly such 
high temperatures, up to 650° being sufficient. An attempt to read off 
the temperature of formation of the natural bixbyites from this con: 
sideration of the phase diagram is somewhat venturesome, as the small 
amounts of other elements present in solid solution, especially titanium, — 
may have a considerable effect on the solubility of Fe,0, in Mn,0,. — 
However, it can safely be said that bixbyites 1, 2, and 3 have been formed 
at considerably higher temperatures than bixbyites 4, 5, and 6. The 
essential correctness of the above arguments is confirmed by the para-— 
geneses of these different bixbyites. Bixbyites 1, 2, and 3 occur in— 
immediate connection with acidic extrusives, bixbyites 4, 5, and 6in~ 
metamorphosed manganese ores. The bixbyite from Utah occurs in— 
rhyolite, associated with topaz, garnet, beryl, hematite, and quartz; 
according to Montgomery (65) the bixbyite crystals are generally found - 
as clusters on and partly included in crystals of topaz, the two minerals _ 
having crystallized practically at the same time. None of those who 
have written about the Patagonian bixbyite appear to have seen the 
occurrence in the field, but according to their descriptions it occurs” 
in a quartz vein in trachyte, with hematite, ilmenite, biotite, and fel-— 
spar. Hach occurrence is clearly pneumatolytic, and a temperature of 
formation of 850°—950° is not unreasonably high. The association with — 
hematite both in Utah and Patagonia suggests that the bixbyite cry-_ 
stallized from a medium sufficiently rich in Fe,O,; to give a bixbyite 
with the maximum amount of Fe,O, in solid solution at the temperature — 
of formation. The parageneses of the bixbyite from Langban, Sitapar,. 
and Postmasburg clearly have no connection with pneumatolytic action. 
At these localities the bixbyite has been formed as a result of meta-— 
morphic processes involving recrystallization of what were probably 


The bixbyite from Postmasburg has never been analysed. It occurs as a component 
in a compact fine-grained manganese ore, and in all specimens which I have examined 
it would be extremely difficult to extract sufficient pure bixbyite for a quantitative — 
chemical analysis. However, in a cavity in the compact ore I noticed a number of small 
(up to 1 mm edge) cubes of this mineral; three or four of these cubes were carefully ex- 
tracted and heated at 1120° for several days, being thus converted to (Mn, Fe),0,. — 
Powder photographs were made of this product and the lattice dimensions (a = 8° 24 A, 
¢ = 9-12 A) determined in the usual way. The approximate composition could then — 
be read off the graph (Fig. 5) giving the variation of lattice dimensions with composition © 
in the system Fe,O,-Mn,Q,. In this way it was found that the ratio Mn: Fe was about — 
80 : 20. No great accuracy is claimed for the method, but it shows that the ratio Mn,0; : © 
: Fe,0, in the Postmasburg bixbyite is approximately 80 : 20. 
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originally sedimentary manganese ores. It is interesting to note that 
Schneiderhéhn (94) gives evidence indicating that the formation of 
bixbyite at Postmasburg has been accompanied by the partial or com- 
plete disappearance of hematite, suggesting that the bixbyite has 
incorporated this Fe,Q, in its space lattice. I have examined polished 
sections of bixbyite and its accompanying minerals from Langban, 
Sitapar, and Postmasburg; although the mineral association is quite 
different at the three localities, the structural features are similar in 
indicating metamorphism involving recrystallization, the bixbyite being 
porphyroblastic in its relations to the other minerals. The degree of 
recrystallization is much greater in the Langban and Sitapar occurrences 
than at Postmasburg, indicating a greater intensity of the metamorphic 
processes, either temperature, or pressure, or both together. Parallel 
with this the Postmasburg bixbyite appears to contain the least amount 
of Fe,O;, although it was formed in an association containing hematite. 
The inference is that the temperature of metamorphism at Postmasburg 
was comparatively low, at least about 500° or less. . 

The above discussion may seem to read more out of the composition 
of the known bixbyites and the phase diagram established by laboratory 
studies than is advisable. I am aware that until further finds of bixbyite 
have been made in the different parageneses in which it can occur cau- 
tion is necessary, and the correlation of laboratory studies and mineral 
analyses must not be pushed too far. However, I look forward to new 
finds of bixbyite, which will enable such correlation to be placed on a 
sounder footing. Recently bixbyite was found in some ice-borne blocks 
of manganese ore at Murjek, in Swedish Lapland, and it will be of 
great interest to see how the composition of this bixbyite is related 
to that of previously described bixbyites. 

Reference to the phase diagram reveals that the bixbyites from Utah 
and Patagonia, which have been formed at high temperatures, contain 
so much Fe,0, that they should be metastable at ordinary temperatures, 
tending to disintegrate into an oriented intergrowth of hematite and a 
bixbyite containing much less Fe,0, in solid solution, similar to vreden- 
burgite in the Fe,O,-Mn,0, system. I have not examined any bixbyite 
from Patagonia, but specimens from the Utah locality which I have 
investigated both in polished section and by powder photographs are 
still completely homogeneous. The conditions of cooling were evidently 
unfavourable for the crystallization of hematite from the solid solution, 
and at ordinary temperatures the rate of disintegration is zero.. 

Turning now to the Fe,0, side of the phase diagram, little comment 
is possible. I have not found any published analysis of hematite which 
shows more than 1 % Mn,0,, although the phase diagram indicates that 
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mix-crystals containing up to at least 10 % Mn,0, are possible. This 
can depend on one or several factors: the non-determination of manga- 
nese in most analyses, the lack of analyses of hematites from mangani- 
ferous deposits, the general isolation of iron and manganese deposits 
from each other. The most interesting hematites in this connection 
would be those associated with the iron-rich bixbyites of Utah and Pata- 
gonia; there, if anywhere, the conditions favour the formation of hema- 
tites with the maximum amount of Mn,O, in solid solution. The possi- 
bility of investigating this, however, has not been available, owing to 
the lack of the necessary material. 


> 


i 
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Summary and conclusions. 

4 
A study has been made of the system FeO-Fe,0,-MnO-Mn,0, by — 
chemical, physical, and mineralogical investigations, for the purpose — 
of determining the phase relations and in this way to define the limits — 
of the different mineral species and to elucidate their mutual relations. — 
The essential results of this study combined with data from the investi- — 
gations of others are expressed in Fig. 11. The solid lines show the prob- — 
able miscibility at ordinary temperatures, the broken lines the limiting — 
miscibility at high temperatures. 

In the system FeO-Fe,0, four phases are found. Wiistite, the com-— 
pound which has long been known as ferrous oxide, but which always ‘ 
contains more oxygen than corresponds to the formula FeO; it is un- 
stable below 575°, tending to disintegrate into iron and Fe,Q,, and it 
has not yet been identified as a mineral, the evidence for iozite being a 
naturally occurring wiistite being negligible. Ferrosic oxide, Fe,O,, 
occurring as the mineral magnetite. Ferric oxide, Fe,O;, which has two 
polymorphic forms: a-Fe,0;, which occurs as the mineral hematite, 
y-Fe,0;, which occurs as the mineral maghemite; y-Fe,0, is a monotropic 
form, being unstable at all temperatures and tending to invert to a- 
Fe,0;. The maximum variation in composition of the wiistite phase is 
from about 75.5 to 77.0 % Fe. Fe,0, is miscible with 5 % or less FeO — 
at ordinary temperatures and only a little more at high temperatures; 
it is miscible with about 7 % Fe,0; at ordinary temperatures, but the 
miscibility increases rather rapidly above 1100°, reaching about 30 % — 
at 1450°. The miscibility of Fe,O, in a-Fe,O, is extremely small at or- — 
dinary temperatures, and does not increase greatly until very high 
temperatures are reached. There is a continuous transition from Fe,0, 
to y-Fe,O3. 

In the system MnO-Mn,0, there are four, or possibly five phases: — 
manganous oxide, MnO, occurring in nature as the mineral manganosite; 
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Figure ll. The system FeO—Fe,0,—MnO—Mn,0,;. Thick solid lines indicate misci- 
bility at ordinary temperatures; broken lines limiting miscibility at high temperatures. 


manganosic oxide, Mn,O,, occurring as the mineral hausmannite; and 
manganic oxide, Mn,0;, which has two, or possibly three polymorphic 
forms — the stable form, a-Mn,0;, which with some Fe,O, in solid 
solution occurs as the mineral bixbyite, and two monotropic forms, 
the tetragonal y-Mn,O, corresponding to y-Fe,O;, and another tetragonal 
modification perhaps distinct from the y-form; the two monotropic 
forms are not known as minerals. The mutual miscibility of the three 
stable phases in this system is not certainly known, but is in any case 
small. 

The system FeO-MnO is unimportant mineralogically, as only MnO 
occurs as a mineral, and is very rare as such. On the other hand this 
system has considerable significance in the study of slags and of smelting 
processes. Just what the conditions are at the FeO end of the system is 
obscure, as pure FeO is unknown, hence the query in Fig. 11. However, 
it appears that there is an area of immiscibility between the two oxides 
even at high temperatures and that this area widens somewhat with 
falling temperature. 

Fe,0, and Mn,0, are completely miscible at high temperatures, in 
spite of the difference in symmetry between them. The cubic lattice 
of Fe,0, changes to a tetragonal lattice at about 60 % Mn,O,. At ordinary 
temperatures there is an area of immiscibility between 54 % and 91 % 
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Mn,0,. On the basis of the phase rule diagram the system is divided 
into four mineral species: magnetite, from 0—16.7 % Mn,O,; jacobsite, 
from 16.7—54 °% Mn,0,; vredenburgite, from 54—91 % Mn,0,; an 
hausmannite, from 91—100 ° Mn,0,. The name manganomagnetit 
is synonymous with vredenburgite, and is therefore discarded; the names 
devadite and garividite are superfluous. The term manganmagnetite 
has been used for manganese-bearing magnetites in which the amount _ 
of manganese present is less than that required for jacobsite, but the 
use of this term is to be avoided, on account of the possibility of con- 
fusion with manganomagnetite. ; 

In the system Fe,0;-Mn,O, (or rather the system a-Fe,0,—a-Mn,0s, 
the monotropic forms not being taken into account) the limiting misci-_ 
bility of Mn,O, in Fe,0, is about 10—15 % at ordinary temperatures” 
and increases but little with increasing temperature; the miscibility of 
Fe,0, in Mn,0, is about 20 % at ordinary temperatures, and increases — 
rapidly above 500°, reaching 60 % at about 950°. This feature is re- 
flected in the composition of bixbyite, which when formed by igneous — 
exhalations at high temperatures contains much more iron than when — 
formed at lower temperatures during the metamorphism of manganese- — 
iron ores. Sitaparite is synonymous with bixbyite, and is therefore 
discarded. 

Thus the mineral species in the system FeO-Fe,0;-MnO-Mn,0O, are 
the following: magnetite, Fe,O0,; hematite, o-Fe,O0,; maghemite, y-Fe.O5; 
manganosite, MnO; hausmannite, Mn,O,; bixbyite, a-Mn,O;, with up 
to about 60 °% Fe.O; in solid solution; jacobsite, (Fe, Mn);0, (Mn,O0, = 
16.7—54 %); and vredenburgite, (Mn, Fe),;0, (Mn,O, = 54—91 %). 
The terms iozite, devadite, garividite, and sitaparite are to be removed 
from the list of valid mineral names. 


Mineralogical Institute, University of Stockholm, February 1943. 
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Asliknande grusryggar i trakten NV och V om Avesta. 
Av 


Erik RYTTERBERG. 


(Manuskr. inkommet den 5/1 1943.) 


De minerogena jordarterna i trakten av Avesta, dir jag under ett 
flertal ar deltagit i Sveriges Geologiska Underséknings geologiska kart- 
lagening, erbjuda ett drag, som fértjinar omnimnande. Ehuru Avesta- 
bladets kartliggning ainnu icke ar avslutad, har jag erhallit Over- 
direktér Per Geijers vilvilliga tillstand att limna ett meddelande 
harom. 

Omradet ifraga ar belaget inom mellersta delen av geologiska bladet 
Avesta, vars héjdférhallanden i stort framga av kartan fig. 1. Har upp- 
trader en svirm asliknande grusryggar av en typ, som tidigare endast 
i underordnad grad iakttagits men icke utforligare beskrivits. G. Lund- 
qvist har nimligen omnamnt tva, med dessa grusryggar jamférbara 
bildningar, av vilka den ena finnes pa geologiska bladet Hedemora 
(SV om Laggarbo, beskr. till bl. Hedemora, sid. 86—87), den andra pa 
geologiska bladet Smedjebacken (NV om Ostra Sveten, vid Halltorpet, 
beskr. till bl. Smedjebacken, sid. 95). 

Fore beskrivningen av de asliknande grusryggarna ma dock nagra 
ord sigas om de vanliga sedimenten inom trakten. 

Omradets normalt utbildade rullstensas ar den s. k. Badelundaasen, 
som, kommande fran trakten O om Vasteras, kan féljas dver slatt- 
bygderna mot NV till Brunnbicks farja, dar den genomskares av Dal- 
ailven. Den fortsatter vidare uppat pa alvens éstra sida, och efter att 
annu en gang ha kastat dver ilven gar den genom staden Hedemora for 
att vid Vasterby, ett stycke NV darom, grena sig. En gren, huvudgrenen, 
gar mot V och en annan mot N. 

Narvaron av denna dominerande 4s sitter i manga avseenden sin 
pragel pa landskapet. De manga grustagen utmed asen vittna om ett 
flitigt utnyttjande av denna tillging pa grus och sand av olika korn- 
storlekar. Material for vagbyggnads- eller murningsindamal av detta 
slag, som patraffas pa mera avligsna orter, kan, trots nérvaron av grus- 
tag pA nirmare hill, ofta bevisas hirréra fran denna 4s, framfor allt 
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Fig. 1, Omradet V om Avesta, dar grusryggarna (svarta) ligga inom héjdskiktet 13 
170 m 6. h. Omradet éver hégsta kustlinjen vertikalstreckat. 33-m:s-kurvor efter Rike 
Allminna Kartverk. 


ea 
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pa grund av dess héga halt av alvdalsporfyrer men iven genom materi- 
alets renhet. 

Av de finkornigare sedimenten ha svallgruset och sanden en jimforel- 
sevis stor utbredning. Detta fr sirskilt fallet dels i anslutning ti 
Badelundaasen, dels inom det ovanligt mossrika omradet V om Avesta, 
Svallgruset ligger har i normalt lige pa olika nivaer pa héjdsluttningar 
under det att sanden oftast ligger som utfyllnad i flacka sainkor eller 
som distalavlagringar till svallgruset. Sanden har Aven iakttagits som 
flacka palagringar pa mjalan och morinen samt underlagrande karr 
och mossar. Maktigheten hos dessa sandlager dr vanligen ganska ringa, 
och pa sina stallen kunna t. 0. m. morinblocken sticka upp ee 
sandlagret och dirmed ge en obestaémd och férvirrande bild av mark- 
betackningens egentliga karaktir. 

Grusryggarnas forekomst. De dalilmande grusryggarnd 
antraffas V om Avesta, fran Klintboklacken i N till strax séder cm 
linjen Bjurfors—Andersbenning i S och tillhéra i stort sett héjdskiktet 
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Fig. 2. Grusryggarna SV om Klintbo och S om Hoffmansbenning samt norra spetsen 
ay grusryggen NV om Risbyn. Grov punktrad = grusrygg, tat prickning = sand och 
grus, gles prickning = mijala, horisontal streckning = torvmark och svart = berg. 
Obetecknade omraden = moran. 


170—130 m 6. h. Deras héjdlage och profiler ha avvigts med Tes- 
dorphs tub och med utgangspunkt fran Rikets Allminna Kartverks 
fixpunkter. 

De flesta av grusryggarna ha’en miktighet, som drager uppmark- 
samheten till sig. Fardas man pa de vagar eller stigar, som vanligen 
lépa utmed grusryggarnas vistra kant, moter man har och var grustag, 
ibland av mycket imponerande storlek. Andra ater, t. ex. grusryggarna 
N och SV om Bjurfors (fig. 9), aro mindre betydande och skulle latt 
ha férbigatts vid karteringen och lagts som moran, savida man ej varit 
installd pa och medveten om grusryggarnas existens. 
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Fig. 3. Profiler 6ver grusryggarna SV om Klintbo (upptill) och NV om Risbyn. 


Grusryggarna SV om Klintbo. Vid sydkanten av det 
hogt uppstickande berget Klintboklacken (i norra delen av fig. 2) 
bérjar en grusrygg, som med successivt avtagande hoéjd fortsatter mot 
SSO (jamf6r langsprofilen fig. 3, upptill). Kronet ar val markerat genom 
sin ryggform och genom sin liksom »stensattay» yta. Man kan darfor 


utan svarighet folja det i, praktiskt taget, ryggens hela langdstrackning 
mot SSO. 
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I den allra nordligaste delen av grusryggen, d. v. s. omedelbart séder 
om och intill berget, star man dock tvekande, ty hir air ryggen dels 
flackt utjimnad och dels finnes har ansats till ytterligare ett krén 
(profil VII 4 fig. 3). De bada krénen aro skilda at av en grund svacka. 
Det vistligaste av de bada ar dock det kraftigast utbildade och det 
som fortsitter mot 8. 


I éstra delen av profil VII star berget strax under markytan, varefter 
det lingre mot O héjer sig, fér att efter hand ersittas av blottad hall, 
som bildar underlaget till ett mot SSO fortsittande héjdparti. Grus- 
ryggen ligger alltsi’ V hirom och évergar langre mot V i ett grus- och 
sandfalt, vars stérsta utbredning ir mot NV. Hair finnes ocksa stora 
grustag med en avtagande kornstorlek (fran grévsta grus till mosand) 
fran O till V. 

Efter ett kort uppehall pa 200—300 meter dyker en ny grusrygg upp 
och fortsitter i exakt samma riktning som den férra, mot SSO. Denna 
sddra rygg ligger pa nagot ligre héjd an den norra, vilket framgar av 
profil ITT, vilken ar dragen dver norra delen av denna sddra grusrygg 
(jfr fig. 12). 

Huruvida dessa nu nimnda norra och sédra ryggar skola betraktas 
som tva olika grusryggar eller som skilda partier av en genomgaende 
grusrygg ir svart att avgdra. Morainpartiet dem emellan ar, topogra- 
fiskt sett, en direkt fortsittning mot 8 av den sakta sluttande norra 
_ grusryggen, fastain karaktiiren av morin hir ar 6vervagande. Sydspet- 
sen av den sédra grusryggen dr, betraffande sin ytform, svagt markerad 
och tonar sa smaningom helt ut i den omgivande moranterrangen. 

Grusryggen NV om Risbyn. Vid vagskilet, dar vigen 
vasterut mot Knallasbenning tar av fran stora landsvagen Risbyn— 
Klintbo (langst i O pa fig. 2) ligger krénet av den grusrygg, som hir be- 
nimnes »NV om Risbyn». Riktningen ar, liksom hos den féregaende, 
NNV—SSO. Mittpartiet av grusryggen ar (som synes pa profil VI, 
fig. 3, underst) mycket flackt, men visar dock sammanhang med den 
utpriglade krénbildningen N och § dirom (profilerna IV och V i samma 
figur.) Den sydligaste ay de tre tvarprofilerna (profil V) anger, att den 
egentliga ryggformen hir nistan upphért, och grusryggen framtrader 
har blott som ett tamligen otydligt krén med brant stupning mot V. 

Utefter hela vistsidan av grusryggen ligger ett grus- och sandfialt, 
som har sin stérsta utbredning mot NV. Storsta miktigheten av grus- 
lagren ligger emellertid vid ryggens norra spets. Har finner man iiven ett 
stérre grustag med goda skarningar. Fig. 4 visar saledes ett snitt genom 
lagerserien med konkordanta lager av grévre och finare material, med 
stupning mot V. 
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G. Lundqvist 1941. 


Fig. 4. Skarning i nordspetsen av grusryggen NV om Risbyn. Konkordanta lager av 
omvixlande grovt och fint material stupande mot V. 


G, Lundqvist 1941. 
Fig. 5. Skarning i grusryggen NV om Risbyn (samma som fig. 4). Stenlager. 
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Figur 5 ar en detaljbild fran ett stenlager i ovanstdende fig. 4. Man 
lagger hair marke till blockens tilltagande storlek nedat, stenlagrets tiit- 
het och blockens och stenarnas rundning, som hir snarare torde kunna 
kallas kantnétning. 


Grusryggen V om Gasmyrberget. Omedelbart SV 
om och intill Gasmyrberget (stérsta hillen i mitten av fig. 6) ligger en 
grusrygg, som endast i sin 
sédra del (profil VIII, 
fig. 7, upptill) uppvisar 
den karakteristiska ryge- 
formen. Norra delen av 
grusryggen ligger tatt slu- 
ten till och i li om det 
dominerande berget. 

Krénet fir ej heller sa 
tydligt markerat, som fal- 
let varit med de tva nyss 
nimnda grusryggarna, men 
1 6vrigt visar ryggen manga 
likheter med de féregden- 
de. Saledes finner man 
aven hair utmed ryggens 
vastsida ett grus- och sand- 
falt, som tilltar 1 saval 
bredd som djup mot NV. 
Maktigheten av grusfaltet 
nar sitt maximum vid 
norra spetsen av grusryg- 
gen, diir man, som vantat, 
finner ~ alten Erustag. Fig. 6. Omradet kring grusryggen V om Gasmyr- 
Sedimentpacken ar aven berget. Samma beteckningar som i fig. 2. 
har val skiktad med stup- 
ning mot V och NV (fig. 8). 

Strax norr om grusryggens mitt finnes en tvirgenomskirning (porten 
in till kvartsbrecciestenbrottet). Detta ar den enda skarning, som pa- 
traffats genom mellersta delen av nagon grusrygg. Materialet bestar har 
nistan uteslutande av block, tatt packade, nagot avrundade och lag- 
rade nastan direkt pa fasta berget. 


Profil IX (fig. 7) visar den jimna, grusiga sluttningen mot V, och i 
éstra delen av samma profil, pa ungefir 165 m:s héjd 6. h., synas tre 
mycket val utbildade strandvallar med riktningen OSO—VNV. 
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Den nordligaste profilen (profil X i fig. 7) ar dragen 6ver norra spet- | 
sen av grusryggen, dir denna sluttar brant mot N. De trappstegsfor 
made avsatserna hir iro vackert utbildade strandterrasser. 


100 meter i 


Fig. 7. Profiler é6ver grusryggarna V om Gasmyrberget (upptill) och SO om Bredmossen. 


Grusryggen SO om Bredmossen. Fran hojdpartiet, 
som markeras av hiallarna vid sydéstra hérnet avy Bredmossen (fig. 9), 
stricker sig en grusrygg med nastan rakt sydlig riktning. Riktningen 
ar nagot avvikande 1 jimférelse med de dvriga grusryggarna, vilket 
emellertid far sin forklaring 4 sid. 14. Som framgar av tvirprofilerna 
(fig. 7, under) har den en ganska tydligt markerad ryggform, och 
dess lige i terriingen motsvarar till fullo de ovan beskrivna grusryg- 
garnas, nimligen S och SV om den i norr uppstickande hillen samt 
i 6vrigt pa vastsidan av en morinhédjd. Krénet av ryggen ar tydligt 
utmirkt, savil genom sin form som genom klapperstensittningen i 
ytan. Langsprofilen utmed krénet visar en successivt avtagande héjd — 
mot 8. | 

Utmed ryggens vastra sida utbreder sig ett grus- och sandstrak, som — 
i detta fall sammanflyter med de stora sandfalten i den omgivande 
terrangen. Vid norra spetsen av ryggen ligger ett mycket stort grustag, 
varifran bilden, fig. 10, ar tagen. Stupningen hos skikten dvergar fran 


, 
Samma beteckningar som i fig. 3. | 
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G. Lundqvist 1941. 


Fig. 8. Skarning i norra spetsen av grusryggen V om Gasmyrberget. 
Bilden tagen mot NV. 


att pa vastsidan av grusryggen vara rakt vistlig till rakt nordlig pa 
norra delen. 

Grusryggen 8 om Hoffmansbenning. Denna rygg, 
vars lage framgar av fig. 2, har ej blivit héjdavvigd, framforallt bero- 
ende pa det langa avstandet till nirmaste fixpunkt. I stort sett ligger 
den emellertid pa samma niva som de 6vriga grusryggarna. Till sin 
form, riktning och allmanna beligenhet avviker den pa intet sitt fran 
de ovan beskrivna. Den ligger alltsa S och SV om ett hoégre hallparti 
och har ett mycket tydligt markerat, »stensatt», krén. 

Grusryggen N om Bjurfors. Detta ar en nistan »fri- 
liggande», c:a 1 km lang grusrygg (fig. 9). Till formen ar den svagt 
valvd, och dar den ar som miktigast ar den endast 2—-3 m hég. Endast 
nagra smirre grustag finnas utmed ryggens vistra sida. Dess nordspets 
har avvigts till 144.8 m 6. h. under det dess sydspets (d. v. s. vid 
dammen vid Bjurfors herrgard) ligger pa 122.3 m 6. h. Ryggens slutt- 
ning mot § ar alltsa relativt svag, endast 22.5 m pa 1 km. 

Grusryggen SV om Bjurfors. Som de flesta andra grus- 
ryggar ligger aven denna pa vistsidan av och i la om ett hdjdparti 
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(fig. 9). Dess utstriickning i langd dr relativt obetydlig, och dess nord- 
spets har avviigts till 135.9 m 6. h. Stérre delen av grusryggens material 
ar redan bortfért, men nagra grustag vittna nu om ryggens ursprungliga 
striickning. cf 
Grusryggarna 0 om Dammsjén och SV om An- 
dersbenning. Bada dessa iro mycket sma, endast omkring 100 m — 
i langd (jfr fig. 12). I likhet 


grusrygg aro aven dessa 
évervigande del tomda pa 
sitt material och stora gru 


== een € tag ange nu blott, vad som: 
Bredmossen ——)\ > en gang funnits. Till saval 
= oe 1 VS form som lige uppvisa de 
A |: fullstindig  dverensstim- 
melse med samtliga tidigare 
beskrivna ryggar. 
Sammanfattning 
Av har foreliggande ma-— 
terial att déma tyckas grus- 
ryggarna ifraga om deras 
beligenhet uppvisa flera 
gemensamma drag. Saledes _ 
1) ligga samtliga grusryggar 
alltid pa viastsidan av ett 
héjdparti, 2) som regel 
finnes alltid ett kraftigt 
hallparti vid ryggens nord-— 
spets samt 3) vaster oni 
grusryggen ligger ett grus- 
och sandfalt, vars pea 
ning delvis ar beroende av 
Fig. 9. Omradet kring Bjurfors med grusryggarna 8 ee aie 
SO om Bredmossen, N om Bjurfors och SV om gransande omrade, men 
Bjurfors. Samma beteckningar som i fig. 2. vars huvudsakliga strick- 
ning ar mot NV. 
Betraffande en grusryggs byggnad maste atskillnad géras mellan 
norra och sédra delen av densamma. Nordspetsen ligger siledes, som 
nyss nimnts, alltid »i li», SV eller S om ett hdjdparti, en kraftigt upp-_ 
skjutande hall (fig. 11 A), under det att sédra delen som regel ar yfri- 
liggande» (fig. 11 B). Grusryggens dversta parti ar utbildat som ett 
askrén, liksom »stensatt») med rundade (klapper-)block, i detta hinse-_ 
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G. Lundqvist 1941. 


Fig. 10, Skarning i grusryggen SO om Bredmossen. Bilden tagen mot N, stupningen 
alltsa mot NV. 


ende likt krénen pa de vanliga rullstensdsarna. Kroénet ar ocksa, som 
regel, skarpt begriinsat och markerat samt visar stark uthallighet, var- 
for man obehindrat utmed detta kan folja grusryggen i hela dess langd- 
strickning. Den successivt avtagande hojden fran N till 8 framgar av 
langsprofilerna i fig. 3 och 7. 

En aterblick pa samtliga grusryggar visar aven, att de avtaga i 
storlek och miktighet fran norr till séder. De sma grusryggarna O 
om Dammsjén och SV om Andersbenning dro saledes helt obetydliga 1 
jamférelse med den nordligaste, SV om Klintbo, vilken ar den ojim- 
forligt starkast utbildade. 

En jaimférande éversikt av avvigningsdiagrammen visar, att samt- 
liga ryggar ligga under hégsta kustlinjen (som, enligt uppgift av G. 
Lundqvist, finns i dessa trakter pa 190—191 m 6. h., jamfor kartan 
fig. 1). Respektive grusryggars hégsta punkter, d. v. s. krénet pa nord- 
spetsen, variera mellan c:a 170—135 m6.h. Profilerna é6ver grusryg- 
garnas sydspetsar visa en motsvarande variation fran 152—-122 m 6. h. 

Det vatten, som pa sin tid statt ver omradet, har lamnat tydliga 
spar efter sig i form av strandterrasser och svallgruskappor. Saledes 
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visa avvagningsprofilerna fér de bada hégst beligna grusryggarna, V 
om Gasmyrberget och SV om Klintbo, en gemensam, kraftigt bearbetad — 
och genom strandvallar markerad zon pa 154—156 m 6. h. For de lagre ; 
erusryggarna, SO om Bredmossen och NV om Risbyn, kan anmérkas — 
de relativt vanligt forekommande terrasserna pa 135—145 m 6. h. 
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Fig. 11. Schematiska tvarprofiler 6ver grusryggarnas norra och sédra partier. 


Ktt val renspolat grus pa c:a 125 m:s héjd 6. h., val synligt i ett flertal 
skarningar, ger ocksa en antydan om en, under nagon tid, stillastaende 
niva av havsytan. 

Det ma i detta sammanhang omnimnas, att omradet kring punkt 
146 (fig. 12, c:a 800 m S om sydspetsen av grusryggen NV om Risbyn) 
varit synnerligen kraftigt utsatt for den marina bearbetningen pa alla 
sidor. Man finner har hela serier av strandterrasser, tydligast markerade 
pa nivaerna: 150,8 m, 152,7 m samt 153,4 m 6. h. Hégsta punkten i 
denna avvagningslinje (utmed kraftledningen till Langgruvan) utgjordes 
av en ytterst kraftigt utbildad strandvall, c:a 3m hég (Ancylusvallen?), — 
vars Ovre grans lag pa 153,9 m 6. h. 

Aven grusryggarnas ostsluttningar visa marin bearbetning pa olika- 
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Fig. 12. Overensstiimmelsen mellan grusryggarnas och rafflornas riktningar ar pataglig 


om grusryggarna isoleras. 


nivaer, vilka i terrangen stundom ge sig tillkinna genom de dari upp- 


tagna grustagen. 


Grusryggarnasinbordes lige och samhéOrighet. 
Pa oversiktskartan (fig. 1) observerar man svarmen av grusryggar, 
beligna inom ett relativt begrinsat omrade och, i stort sett, inom ett 
och samma héjdskikt. Vidare ligga de ordnade i vissa strak (fig. 12). 


13—430060. G. F. F. 1948. 
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Sirskilt tydligt framtrider detta hos de bada grusryggarna NV om 
Risbyn och N om Bjurfors. Sammanbindningslinjen dem emellan 
visar den ihallande, gemensamma riktningen, N 17° V. Det »friay ay-_ 
standet mellan dem iir c:a 2,5 km. De bada grusryggarna SV om Klintbo 
uppvisa, som tidigare sagts, en liknande genomgaende strackning, vars — 
riktning iir N 20° V. Sammanbindningslinjen dem emellan gar, i sin for- _ 
lingning mot SSO, dver ett sandfalt (pa fig. 12 angivet med en streckad — 
kontur), vars form och allmiinna belagenhet ger anledning till férmo-_ 
dandet, att hair méjligen legat en grusrygg, om iin av ringare maktighet. — 
Den kan helt och hallet ha varit uppbyggd av finare material och dirfér 
tidigt nedbruten. (Det har aven tidigare antytts, att en sadan grus- 
rygg, genom sin stundom féga utpriglade ytform, mycket latt kan undga — 
kartérens observation.) ‘ 

Pa samma satt har en linje dragits fran grusryggen V om Gasmyr- 
berget mot ett i riktningen N 18° V dérom belaget sandfalt, vilket lika-_ 
ledes pa grund av form och lige foérmodas sta i samband med en grus- 
rygg eller eventuellt fore detta grusrygg. . 

Det ma synas djairvt, att pa sa vaga grunder ligga ut en samman- — 
bindningslinje, men riktigheten i detta tillvagagangssitt har senare 
starkts, vilket framgar av foljande. Under karteringen hade patriffats — 
en mycket liten, »friliggande» grusrygg, c:a 1,5 m hég och endast 30—_ 
40 m lang, med riktningen N 18°—20° V. Denna ligger mitt 1 nyss- — 
nimnda sammanbindningslinje pa fig. 12 (e:a */, km NNV om nord- 
spetsen av grusryggen V om Gasmyrberget). 


ll 


Sammanfattningsvis kan sigas om riktningen hos dessa grusryggar, — 
eller rattare deras sammanbindningslinjer, att de avvika 10°—24° mot 
V fran nordlinjen (jfr fig. 12). Denna riktning sammanfaller i stort med 
pavisade raffelriktningar inom omradet. 


Grusryggen SO om Bredmossen har emellertid, som tidigare anmarkts, 
en fran 6vriga ryggar avvikande riktning, nimligen N—S. Det nyss 
framforda pastaendet om grusryggarnas samhdrighet och upptridande — 
i raka strak behdver emellertid fordenskull ej falla. Ty, som framgar av 
fig. 12, finnes, c:a 1,8 km 8 om grusryggens sydspets, en raffelriktning 
irakt N—S inlagd, vilket ma giilla som bevis fér pastdendets riktighet, 
aven nar det giller detaljer. 

Fataligheten i raffelobservationerna torde bero pa de ur denna syn- 
punkt otjinliga bergarterna, vanligen grova urgraniter, pegmatit och 
kvartsit samt mycket grov leptitgnejs. Har nedan féljer férteckning 
éver de i fig. 12 upptagna riffelriktningarna: | 
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Lokal. Raffelriktning. 
Klintboklacken . .. . ges ate ON LS a We 
Sédra stranden av Lilistan, (ifs fix 6) Pee et ala AST Va 
I kraftledningen, 2,5 km SV om Bjurfors .... N 18° V. 
N—S (yngre). 
[ grustag, hy Poem vai » N 94° ¥ (ildre). 
Sédra stranden av Dammsjin .. . ... . N 22°—24° y. 
Vid landsviigen, 800 m SV om Anclumsbennity . ws UNL Vi. 


Grusryggarnas bildning. Huru dessa grusryggar bildats 
air en fraga, som endast kan besvaras med hypoteser, grundade pa iakt- 
tagelser av savil grusryggarnas byggnad i detalj som dess utformning 
1 stort. 

Med stor sannolikhet ha grusryggarnas nuvarande form uppstatt 
genom en utveckling i minst tva faser. Primirt har alltsi materialet 
avlastats pa platsen, och sekundirt har det omlagrats till den form grus- 
ryggen nu har. 

Foérst och framst maste sa niirvaron av den avseviirda mangden 
material (block, grus och sand) férklaras. Ett forsék att 1 dessa grus- 
ryggar se en variation till rullstensasarna, ger e] nagon fullt tillfreds- 
stillande forklaring. Till forman fdr en sadan teori talar emellertid 
ryggarnas upptridande i raka strak, som det framstillts pa fig. 12, samt 
det aslika krénet. Krénets avtagande héjd mot séder kan vara resultatet 
av en sekundir omlagring, varvid grusryggens sddra del, genom sitt 
i O oskyddade lage, blivit mera paverkad 4n norra delen. Stridande 
mot detta antagande star dock det faktum, att blockmaterialet som 
regel ej dir rundat till den grad, som ar vanligt i atminstone de stérre 
rullstensasarna. Detta skulle dock kunna férklaras genom en kortare 
transport. Det kanske mest kinnetecknande for vissa av de storre rull- 
stensdsarna i Bergslagen ir ju dess innehall av Alvdalsporfyrer. Block 
av detta slag ha fven antriffats (och da, som vintat, mycket mera 
rundade An angrinsande block av annan bergart i samma lager), men 
i en mycket lag frekvens. G. Lundqvist limnar har vid forfragan den 
uppgiften, att Alvdalsporfyrerna forefinnas spridda i moranen i dessa 
trakter, anda upp till en halt av 5 % (jfr beskr. till bl. Hedemora, 
sid. 79). 

En blick pa detaljkartorna (figurerna 2, 6 och 9) visar en del sand- 
och grusstrak i isrérelseriktningen, som enligt min mening maste ses 1 
samband med bildningen av grusryggarna. Dessa grus- och sandstrak, 
vanligen mycket flacka palagringar pa mjiélan och stundom under- 
lagrande mossar och kirr, kunna inte vara annat an resultatet av mer 
eller mindre omfattande vattenspolningar fran norr mot séder 1 stort 
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sett. I vissa omraden (ex. O och SO om Bredmossen) maste sande 

betraktas som distalmaterialet efter spolningar fran Oster mot vaster. 
Omradet i sin helhet uppvisar ocksa tiimligen allmiint spar av spolning. 

Dartill maste hillen, som stindigt aterfinnes vid nordspetsen av grus- 
ryggen, tillmitas en viss betydelse, i det 
att den, genom sitt lige, mdjliggjort ayv- 
lastningen av sedimentmassan just dir. 

Forutsitter man alltsa kraftiga vatten- 
strémmar, emanerande fran en, mer an 
vanligt kraftig, avsmialtning av ismassan, 
eller kanske rentavy som plotsliga tapp- 
ningar fran isdimda sjéar, forsande mot 8, 
far man en godtagbar férklaring till de 
flesta av de foreteelser det har giiller. 
Grusryggarna skulle i sa fall vara de stora 
motsvarigheterna till de sma stromryggar, 
pie som man sa ofta moter i bickar med 
TYEE oe isynnerhet grusig och sandig botten. Fére- 

i] teelsen kan dskadliggéras med fig. 13. 
Blocket — hindret motsvaras da av deni 
grusryggens nordspets uppstickande hallen. 
En dylk strémrygg besitter aven den egen- 
Fig. 13. Schematisk bild Askad- skapen, att den ar hégst och kraftigast 
liggérande uppkomsten av en Uutbildad ett stycke bakom hindret och 

stromrygg. efter hand avtagande i saval hojd som 

bredd ju laingre bort man kommer fran 

hindret, tills den sa smaningom helt tonar ut 1 omgivningen (jfr 

langsprofilerna 1 fig. 3 och 7). Strémryggféreteelsen fr till alla delar 

mojlig att anpassa pa grusryggarna, och som den till synes kan ge for- 

klaring pa atminstone flertalet av hithérande fragor, far den i fort- 

sittningen utgédra min forklaring till grusryggarnas primara sedi- 
mentation. 

Materialets 6verspolning at vaster. Samtliga tvar- 
profiler visa, att grusryggarna, som tidigare nimnts, aro belagna pa 
vistsidan av ett hdgre hiall- eller morianparti, atminstone giller detta 
deras norra delar. Sydspetsarna aro, som sagt, ofta friliggande, d. v. 8. 
ej bundna till nagot motsvarande héjdparti i O. 

Ostsidan av grusryggen ar vanligen utbildad som en flackt sluttande | 
»ystotsida», vastsidan diremot som en mera brant stupande »lasida». 
Nagon samhorighet mellan de av R. Sandegren, pa geologiska bladen| 
Gavle och Storvik, pavisade yngre indmoranerna och har beskrivna: 
grusryggar existerar dock knappast, trots vissa Overensstimmelser i| 
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sivil form som riktning. Andmoranerna ha, sannolikt med goda skil, 
fatt tillnamnet moriin, diirmed inneslutande allt, som begreppet om- 
fattar, under det att materialet i grusryggarna, dels pa grund av sin 
frihet fran de minsta kornstorleksfraktionerna och dels med tanke pa 
dess nétning och rundning, maste forutsiittas ha glacifluvial extraktion. 

Orsaken till denna osymmetriska form torde vara att séka i en sekun- 
dar omlagring, varvid materialet spolats dver at V av ostliga stré6mmar. 
Hiarvid har det grévre materialet, blocken, kommit att ligga narmast 
nedanfér branten (fig. 11) medan de finare fraktionerna spolats lingre 
ut at V. Storsta utbredningen av sandfalten ligger ju som regel NV om 
grusryggen, varjimte de har na sin storsta miktighet. De stdrsta grus- 
tagen ligga ock vanligen vid eller strax NV om ryggens nordspets. 
Stupningen av lagren fr likasi 6vervigande mot NV, varfér det kan 
anses fastslaget, att den kraft, som astadkommit 6verspolningen, med 
stérre noggrannhet uttryckt, haft riktningen SO—NV. I de allra 
nordligaste delarna av grusryggarna och de till dem hérande utstrém- 
made grus- och sandskikten finner man fven en lagerstillning med 
stupning mot N. En sadan stupning av skikten kan endast ha astad- 
kommits av strémmar, som gatt nira nog parallellt med grusryggen. 

Denna éverspolning synes ha varit mycket oregelbunden i sin inten- 
sitet att d6ma av de omvixlande, konkordanta sten-, grus- och sand- 
lagren samt de har och var upptriidande blocksporrarna. Aven diskor- 
danser ha patriffats 1 lagerserierna. Helt oskiktade blockpackar tyda 
ocksa pa en tidvis ytterst kraftig och plotslig sedimentation. 
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Isdelarstudier vid poleirkeln. ‘ 
4 

Av ‘ 

Erik LIUNGNER. 
Inledning. (MS. inkommet 26 3. 1943.) _ 


Som férsta utgangspunkt for den skandinaviska nedisningen har man ~ 
givetvis mast antaga en sadan lokalglaciation, som i nutiden utmarker 
de viistliga hégfjillen. Men i och med lokalglaciationens utvaxande till 
en begynnande allman nedisning antages hégfjillens ostsida ha blivit 
den viktigaste ansamlingsplatsen for sné- och ismassorna, och har ut-— 
bildades isdelaren. En teoretisk grund for denna uppfattning gavs— 
av Enquist, som pa den skandinaviska halvéns profil konsekvent till-_ 
lampade sin viktiga och allmingiltiga erfarenhet om glaciirernas orien-_ 
tering pa bergens lisida. (Enquist 1916 s. 34 ff.) 

Att isdelaren varit underkastad vissa vandringar, har framgatt ur 
blockspridningen. Allmaint antages en vandring at éster, enligt flera 
forskare eftertridd av en at vister. Men angaende omfattningen av 
forflyttningen och tidsforhallandena dirvid ga meningarna fortfarande 
mycket isir. Den av Enquist (1918 s. 23) forsiktigt uttalade meningen, 
att isdelaren sannolikt forflyttade sig dsterut anda till Bottniska viken, 
vilken energiskt bestreds av G. Frédin (1925 s. 185), hivdas nu med 
bestimdhet av Ahlmann, Laurell och Mannerfelt (1942 s. 22). I laro- 
boken Sveriges geologi (1936 s. 144 och 177) uttalar diremot Granlund 
— efter att ha bekriaftat, att isdelaren pa grund av rikare snéackumula- 
tion alltid legat pa dstsidan av den skandinaviska héjdryggen — att 
forskjutningen igt rum inom en sniv ram, nimligen fran sjékedjans 
ostliga till dess vistliga begrinsning. Vandringen at ster forlagges 
an till avsmaltningstiden (Tanner 1915, Sauramo 1931), 4n till till-— 
vixttiden (Enquist 1918, Ahlmann et al. 1942). Viktigare data ha lam- 
nats for Lappland av bl. a. De Geer (1888), Fredholm (1891 och 92), 
Hamberg (1909), Gavelin (1906 och 1909), Sjégren (1909), J. Frodin 


1 [ olikhet med Enquist kan jag icke finna, att hans teori ersdtter Hégboms tes fran 
1885 om isdelaren som ett jamviktslige for é6msesidigt motstand. Sistnamnda ar en 
naturlag, med vilken varje anvandbar teori maste vara férenlig. Denna precision spelar 
en roll for det féljande. 
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(1914), Tanner (1915) och Geijer (1922), for Jamtland och Hirjedalen 
av Durocher (1846), Hérbye (1857), Térnebohm (1872), Hégbom (1885, 
1920), Caldenius (1909) och G. Frédin (senast 1925). Den senaste karto- 
grafiska sammanstillningen éver refflorna och (sista) isdelaren har med- 
delats av Lundqvist (1942). 

Pa grund av uppdrag fran Bolidens Gruvaktiebolag har jag fatt till- 
falle att — vid sidan av andra uppgifter — Agna ett studium at denna 
fraga i vad giller fjaillkedjans profil utefter Laisilven och delvis Skellefte- 
alven. Undersdkningarna fro icke avslutade. Sirskilt atersta under- 
sdkningar angaende isdelarens éstligaste lige. Men sisom resultat fram- 
sta dock redan, att isdelaren under ett tidigt, langvarigt skede legat 
langt vasterut i fjallkedjan, i nirheten av vattendelaren, samt att isdela- 
rens forflyttning fran sitt senare, dstliga lage emot fjallen kunnat succes- 
sivt féljas fram till dédisstadiet. Férstnimnda resultat, som dverens- 
stimmer med mina rén fran Anderna, medfor ett nytt perspektiv pa 
nedisningens utveckling och laglandséversvimningens orsaker. Da isde- 
laren utgor liget for ismassans balans mellan éster och vaster, si maste 
varje isdelarlige avspegla en viss utbredning av ismassan. Isdelarens 
viistliga lige svarar mot en ostlig iskant ungefir vid sjékedjan, som dar- 
vid kan forklaras pa samma sitt som de patagoniska randsjéarna — 
som glaciala backen utbildade vid randen av en ur fjalldalarna fram- 
skjutande isfront och pa sin tid férstorade genom dimmande andmoran- 
bagar. Dessa konnektioner behandlar jag i uppsatsen »Hast-West- 
Balance of the Quaternary Ice Cap in Patagonia and Scandinavia» 
(under tryckning). Pa denna plats vill jag inskrinka mig till en enkel 
redogorelse for de gjorda iakttagelserna och de omedelbara resultaten 
och tackar ledningen for Bolidens Gruvaktiebolag for tillstandet att 
publicera densamma, frimst direktér O. Falkman. 


Metodik. 


Min undersékning grundar sig i huvudsak pa hiallskulpturen. Blocken 
kunna icke ge nagon kronologi, om man inte finner skirningar med 
stringt Atskilda biddar, vilket ar otiinkbart i jungfruliga omraden och 
aven annorstiides sillsynt. 

Vid hallanalysen utnyttjar jag mina erfarenheter fran Bohuslin anga- 
ende férhallandet mellan ismaktighet och skulpturform. En maktig 
is ir plastisk och skulpterar ven i »utforsbackarnay. En tunn is ar sprod 
och ligger hela arbetet pa upphdjningarnas éver- och uppstromssidor, 
skapande den sprangbridesliknande profil, som ar kind fran Uppsala- 
och Stockholmstrakten, senast genom Sahlstréms vackra studie 1914. 
Analysen ger alltsi upplysning inte bara om aldersférhallandet mellan 


200 ERIK LJUNGNER. {Mars—April 1943. 


SS Ski lotur fe obest ALL 


2a N Doménerande shulpter| 


a 


ES paced ee 


* eelan reffior me Wyper"} fer block 


Brits Granitlerrange 705 AW -grens 
SS Adre ogy tH /0 4m 


AEOTOS 


Fig. 1. Isrérelserna 4 topografiska bladen ~ 


strommarna (kronologisk analys) och den relativa varaktigheten ay . 
olika str6mmar (kvantitativ a.) utan ocksa om den skulpterande isens © 
plasticitet (kvalitativ a.) som ger relativa miktigheten. Dessa for-— 
hallanden behandlas i mitt arbete Spaltentektonik etc. del III: 2 (under 
tryckning). For att sikert undvika forvaxling mellan uppstréms- och 
nedstromsrefflor och for att kunna avlisa den skulpterande riktningen ~ 
aiven i hallar med bortvittrad slipning och reffling anvinder jag mig av 
olika tvarfrakturer benaémnda »parabelriss» och »Sichelbriichey (se 
del III: 1 av nyssnimnda arbete s. 287 fig. 123). For att bestémma alders- 
forhallandet mellan tvenne reffelriktningar, som bilda 180° vinkel, © 
brukar jag undersoka avslipningsriktningen for mindre Arr i neutralt 


lutande yta. 
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Nasafjall och Léfmokk. Skala 1 : 500 000. 


En sarskilt lycklig omstindighet ligger i traktens vixlande berggrund, 
sirskilt inom zonen for isdelarens senaste lagen, dir de bevarade rorelse- 
riktningarna aro manga. Lerskifferhillarna ge med rika detaljer av- 
smaltningsskedet, angransande kvartsithallar ge knapphindigare men 
delvis mycket aldre data. Dess parabelriss ga tillbaka anda till nedis- 
ningens férsta skede. 

Endast med iakttagande av nimnda foérhallanden torde det vara 
mojligt att narmare utreda kronologien i ett isdelaromrade. 

Kartans tecken for skulpturriktning aro forsedda med 1—4 faner, 
varvid 4 beteckna forsta rorelsefas, 1 sista. Omkastningen 1 forh. till 
tidsféljden har skett med tanke pa plasticiteten, som fran 2:a rérelse- 
fasen ar avtagande. Issjéarna dro inlagda efter Gavelin (1910). 
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» 
Over traktens berggrund féreligga éversikter av Svenonius (1895), 
Holmquist (1900), Holmsen (1832), A. Hégbom (1937) och Kautsky 
(1940). 


Isstrémningen enligt skulpturen. 


Inom Nasaissjéns omrade och pi omgivande fjall ha urskilts tva 
skulpturer, en aldre fran WNW och en yngre fran ESE. W om 16°15’ hir- 
stamma observationerna fran en snabbtur, varfér endast fataliga lokaler 
kunnat besiktigas. Tecknet i lokal 1 hanfér sig till Nasafjallets topp- 
plata (jfr Fredholm 1891 s. 446 och 1892 s. 196), i nr 2 till 1 166 m héjdi 
Kargasataive. Under nr 3 ha sammanforts tva hallkomplex pa c:a 200 m 
avstand, vilka bada vackert uppvisa den dubbelsidiga skulpturen i 
ungefir lika utveckling, om hinsyn tages till att den i allmanhet vast- 
fallande strukturen nagot gynnar skulpturarbetet for isstrémmen fran 
vattendelaren (1:a fasen). De mot WNW vanda stétsidorna dro niamligen 
har de mest framtradande. Tvarfrakturer kunde alltid erhallas till kon- 
troll av strémriktningens hall. Bibehallna issjéstrandliner och at WNW 
stupande marginalterrasser (se Gavelin 1910 s. 64) samt bibehallna 
askullar av mellansvensk submarin typ anda nere vid hillkomplexen 
bekrafta, att rorelsen fran ESE ar den yngsta av de tva. 

Ett par km SE om nimnda hiallkomplex sinker sig dalbottnen i tvart 
fall ned under skogsgrinsen, och hillar 1 dalbottnen bli svaratkomliga. 
T lokalerna 6, 8 och 13 patraffade hallar visa dock, att skulpturen fran 
ESE ar den hirskande. Det ar ocksa fallet 1 hela ESE-sluttningen av 
fjallet Huorras, lokal 5, vars bevarade veckstruktur erhallit en 6verska- 
rande tryckskiffrighet med glimmer stupande 4t WNW. Pa toppen 
(1 004 m 6. h.) ge de At WNW vettande vittrade rundhiallarna bestamt 
intryck avy isskulptur fran nimnda hall, men en kontroll medelst tvar- 
frakturer medgav icke tiden, varfér tecknet utférts med reserva- 
tion. 

Sa mycket rikare kontroll erhélls emellertid i kvartsitskifferfjallen 
under 16° 15’ lingd. Pa nordsidan Laisan (har omkring 498 m 6. h.) 
reser sig 6formigt i dalen det laga fjallet Plassavardo, lokal 7, c:a 785 m 
6. h. En tunn, flackt mot W stupande bankning parallell med strukturen 
har mojliggjort for ESE-str6mmen att blada upp berggrunden och dar- 
med forstéra aldre hillar med 1:a rérelsefasens skulptur. Annu i toppen 
ser man endast 2:a fasens skulptur. Men ett stycke vaster dirom, pa 
757 m 6. h., bilda lagren lokalt en synklinal med at SE stupande veck- 
axel. Dar finnas stétsidor bevarade, som till sin stallning och tydliga 
tvarfrakturer sikert angiva den 1:a fasens skulptur, fran WNW. 

Mitt emot Plassavardo reser sig pa dlvens sydsida fijillet Svaipa, 
1 426 m 6. h. Dess vita fjallkvartsit, har mera tjockbankad, stupar NW. 


Bd 65. H. 2] ISDELARSTUDIER VID POLCIRKELN. 203 


Dalsidan ar mycket brant, upp till 960 m, dir en tydlig tragrand fram- 
trader. I tragviggen hirskar nertill SE-skulpturen. Fran 900 m och 
uppat harskar diremot NW-strémmen, och SE-strémmens skulptur, 
inskrankt till en svag kantavrundning med parabelriss, har jag dar 
kunnat spara upp till tragranden men — under till buds staende tid — 
icke langre. Den 1:a fasens skulptur iir vacker, sa linge hilar finnas. 
Ovanfér 1000 m har dock froststringningen haft stor effekt. 

Pa topp-platans ostsida uppvisar dalsidan. en biackinsinkning, lokal 
10, som siarskilt pa nivaerna 1325 och 1 057-m bildar framtridande 
trappsteg, ovan vilka nischlika utvidgningar observeras. Den dvre av 
dessa hyser en perennerande snédriva, den undre, mellan 1122 och 
1057 m, hallar med skulptur fran WSW, troligen fran bérjan av fas 1. 
Tva parabelriss visade dock ocks& p& en strém i motsatt led, troligen 
fas 2. Pa 1010 m utfylles backsinkan av en stor moranterrass tillhéran- 
de huvuddalens istunga fran SE. — Sistniémnda, i forbigdende gjorda 
observationer anforas hir for den upplysning de ge om att istungan sak- 
nat naringstillskott fran lokalglaciation i Svaipa. Pa kartan dro reffel- 
tecknen krékta, visande isrérelsens orografiskt betingade deviation. 

I nasta fjallstrickning pa dlvens sydsida, strackan Tjiksa—Krappes- 
vare, aro forhallandena i stort desamma. I Tjaiksas starkt vittrade glim- 
merskiffer (lokal 14) framtraider pa hdjderna endast den 1:a fasens 
skulptur, medan den 2:a fasens darjimte ar synlig under gynnsamma 
omstindigheter fran 820 m nedat och forharskande fran omkring 
700 m. 

Fjallet Krappesvare (med Kaissetjakko 1 064 m) uppbygges av NE-: 
strykande vertikalstallda bergribbor av omvaxlande porfyr, kvartsit, 
arkos och lerskiffer, en for skulpturstudier idealisk och med hiansyn till 
l:a och 2:a fasens rorelser fullt neutral berggrund. Praktfulla aro ocksa 
rundhallarna i hela fjallet, endast i hogsta toppomradet skrovliga. NW- 
skulptur ar ocksa det enda man ser utan att gora mycket ingaende 
undersékningar. Delvis med hjilp av spade lyckades jag konstatera den 
2:a fasens spar pa 778 och 786 m (sammanforda som lokal 22) samt slut- 
ligen pa 888 m (lokal 23), varfér méjlighet torde foreligga att vid grav- 
ning finna den i alla nivaer. 

I motsvarande Alvstracka aro hallarna dubbelsidiga, med skulptur 
av l:a och 2:a fasen. Berggrunden dr vid de tre sjéarna en kvartsrik 
sparagmit med flackt stup mot WNW, vilket delvis forklarar den battre 
utbildningen av 1:a fasens hallar. Men aven ganska strukturlésa hallar 
av kvartsit och arkos vid Storlaisans vastande visa évervikt for skulp- 
turen av l:a fas. 

Vid de tre sjéarna och sirskilt i trakten av Adolfstrém (vid lokal 15) 
forekommer sdsom sista, kortvarig fas en kraftig reffling av en styvare 
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. 
is fran SSW, tydligen kommande tviirs ned fran nyss behandlade fjall- — 
rygg. Denna isstrém torde fran den laga bergryggen pa alvens SW-sida — 
ha transporterat det imponerande blockhay, Halsten, som avstanger 
Adolfstrém fran ailven. Blocken ligga pa oférstérda glaciala hallar men 
iro sjilva brottstycken av glaciala hillar och éverensstamma petro- 
grafiskt med den mera rena sparagmiten pa ailvens sydsida. I forhallande 
till niirmast dldre reffelriktning ar den sista hégervridande. : 

Den motsatta dalsidan stiger sakta upp mot Peljekaisseryggen 
(1133 m). Hallar ha mast blottas med spade. Isrérelsen blir efter 2:a 
fasens slut genomgaende vinstervridande, med ett markerat uppehall 
i riktning fran dster (3:e fas) och direfter via NE svaingande 6ver till 
NW, varvid i vissa hallar den fran NW utgaende 4:e fasen uppnatts 
(sikert i 28 och 30). 

Kartomradets bist blottade hallar finner man, utom i Adolfstrém, i 
Hornavan. Nordostsidans hiallar ligga under inflytande fran den mar- 
kerade dalsidesluttningen fran Rebnisryggen (Rebniskaisse 1 106 m). 
Har finna vi ocksé — i analogi med Peljekaisses SW-sluttning — den 
fullstiindiga vridningsrosen under vanstervridning fran 2:a dver 3:e till 
4:e fas, rikast i den flacka lokal 46, dar ocksa hela successionen ar klar. 
I motsatta dalsidan, Peljekaisses NE-sluttning, saknas hallar. Hallarna 
pa Hornavans SW-strand ligga sirskilt med hinsyn till sjons 200 m 
djupa ranna annu i NE-sluttning men delvis nirmare Rebnisryggen. 
Vridningen féljer fram till 3:e fas samma vinstervridande regim som 
pa sjons NE-sida. Men i fortsittningen finnas refflor fran SW-hallet, 
visande, att Peljeryggen gor sig gillande. Den slutliga 4:e fasen kan 
med avtagande effekt féljas sa langt at W som till Ringselet (39), dar 
den upphor. 

Den fragan uppstiller sig nu, om vaxlingen i vridningens tecken hos 
hallarna pa Hornavans SW:a strand skall tolkas sdsom ett vaxlande 
inflytande fran férst Rebnisryggen och sedan Peljeryggen, eller om 
vridningen fram till 3:e fas har en allman orsak och fr oberoende av 
detaljorografien. For ett sikert besvarande av fragan skulle man nog 
dnska ett blottlaggande av hiallar i mera avgjord NE-sluttning eller 
observationer pa flera helt fritt beligna fjalltoppar. Atskilligt talar 
emellertid for det senare alternativet. Skulpturen fran E utmiirkes av 
en pataglig bestaindighet hos isstrommen, gentemot vilken de senare 
refflorna fran SW i NE-sluttningarna och fran NE i SW-sluttningarna 
ha mera episodisk och mindre riktningsbestimd karaktiar. Pa de helt 
fritt hggande topparna 23 i Krappesvare och 1 133 i Peljekaisse saknas 
visserligen refflor tillhérande den motfjallsriktade skulpturen, men i 
sistnimnda punkt visar diabasens parabelriss pa isrérelser fran vider- 
streck varierande mellan SE och (huvudsakligen) E. Slutligen ir 
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den 3:e fasens rérelse representerad i den helt neutralt beligna 
lokalen 53. 

Den narmast liggande férklaringen till en allman vinstervridning 
fram till K finner jag i avisningen pa kontinenten och i sédra Sverige 
med atféljande férskjutning at N av landisens tyngdpunkt. Isdelarens 
axel kan liksom ett bergvecks i horisontalplanet avbildas med en linje, 
men dirvid kommer icke fram ett fér bada viktigt element — k ul- 
minationen. Samtidigt som isdelaren vandrade mot WNW, fér- 
skots dess huvudkulmination at NNE. Pa Lundqvists karta kan avliisas 
en mycket framtridande kulmination hos isdelaren strax N om polcir- 
keln (fran polcirkeln och upp till St. Luletrask). Den gir sig gillande 
dari, att refflorna fa en rérelsekomponent parallellt med isdelaren, i 
riktning fran kulminationen. Denna synes kontinuerligt sinka sig anda 
till Jamtlandsdepressionen. Lundqvists karta kan pa grund av materi- 
alet givetvis icke ha nagon aldersgruppering av refflorna, men av flera 
skal kan aldern fér den niémnda kulminationen icke vara mycket lagre 
an aldern hos var 3:e fas. En kulmination vid polcirkeln passar just 
ocksa fdr denna. 

Jag har tinkt mig, att den 3:e fasen, som utmarker ett stillastand 
under en intermediar grad av avsmiltning (f6rminskad plasticitet uppen- 
bar) skulle eventuellt motsvara ra-stadiet. Isstrommen synes enligt 
ovanstaende ha éverskridit Peljekaisses topp, vilket ger en minimi- 
miaktighet av 700 m é6ver Hornavans strand. 

Under féljande skeden blir beroendet av den lokala orografien uppen- 
bar. Vid sjilva isdelarpassagen d6ver en punkt, da rorelsen mot- och 
franfjalls temporart instilles, ar den mot dalarna riktade komponenten 
enaradande och astadkommer tvirrefflorna. Den 4:e fasens starkt av- 
tagande effekt fran lokal 46 till lokal 39 1 Skellefteilvens dalgang och 
franvaro i 38 ar ett vackert uttryck for isdelarens vandring motfjalls 
och fér den atfoljande fasférskjutningen lings dalgangarna. 

SE om nu behandlade bilte tilltager den 4:e fasens skulptur sa kraf- 
tigt, att inom Laisdalens fjallskiffrar och sandstenar ingen aldre skulp- 
tur framtrider. Ett efterforskande i hardare bergarter skulle troligen 
uppdaga sadan, da SH-skulpturen i kvartsithallen lokal 46 vid Horn- 
avan annu ar mycket vacker. Reffeltecknet SE dirom hinfor sig enligt 
Fredholm (1892 s. 196) till svart skiffer. — I lokal 60 foreligger endast 
observation fran: flyg. 

Under ett sedan 1939 pagdende geologiskt och geofysiskt arbete vid 
Storlaisan, som geologiskt utgér ett fonster, har den successiva djupero- 
sionen genom de eokambriska sedimenten och delvis ner i granitunder- 
laget kunnat féljas. En icke foraktlig erosion faller pa den 4:e fasen. Den- 
na har emellertid arbetat starkt nedbrytande aven pa granittroskeln vid 
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sjéns utlopp. Stora block ha bortbrutits i sé hastigt tempo, att slip- 
ningen bara blivit en svag kantavrundning. En redogorelse for dessa 
undersékningar faller utanfor amnet. 


Den sista isférdelningen enligt avlagringsformerna. 


Gavelin har (1910 s. 62 och 64) omnimnt at NW lutande israndbild- 
ningar i 6vre Laisdalens sidor sisom spar av den istunga, som fran SE 
skét upp genom dalen och dimde upp Nasaissjén. Ovannimnda terrass 
i Svaipa pa 1010 m hor ocksa dit. Liksom i andra fjalldalar avléstes 
Nasaissj6n av andra issj6ar med allt lagre nivaer och allt ostligare lage. 
Den yngsta issj6, jag sett spar av ovanfor Storlaisan, omfattade de 
tre 6vre sjéarna, med vattenyta 472 m 6. h., d. v. s. 20 m 6ver Gautojaur 
och med avlopp N om nuvarande. — Den dalen successivt genomdra- 
gande istungan saknar icke intresse fér tolkningen av SE-erosionens 
storre belopp i dalen an pa bergen. 

Fran och med Storlaisan luta sparen av isens 6vre yta at motsatt hall. 
I fjallet Nebsuort (kartan siffran 914) finnas upp till nara under toppen 
pa dennas SW-sida skvalrinnor och terrasser fran detta fjalls begyn- 
nande nunatakkstadium, vilka ha en svag men bestaémd lutning at SE, 
trots de ingaende moranblockens ostliga karaktir. Isdelaren torde 
alltsa redan da ha innehaft sitt slutlige vid Storlaisans vastinda. 
Under liknande férhallanden framsmilte Bjérnberget, 622 m, pa sjéns 
ostsida. 

Sedan isytan sjunkit 500 m fran nunatakkstadiet pa Nebsuort, och 
iskanten forflyttat sig till sjéns norra tredjedel, var den obetydliga is- 
resten — kanske annu 100 m maktig — formégen av en framstét sasom 
framgar av ett tungbicken med aindmoriner av sjébottnens bergarter 
snett uppskjutna pa den ay tiickbergarter uppbyggda stranden (vid 
Skarro, lokal 56). 

Da en klimatforsimring ingalunda kunnat ge denna isrest nagon 
tillvaxt (yngre refflor fr. NW saknas ju f. 6. ovanfér Storlaisan) eller 
dkad rérlighet, tillskriver jag den nya aktiviteten trycket fran den 
_uppdimda vattenmassan, for vilket den reducerade ismassan langsamt 
reagerade. Da is icke nybildas vid issjén, maste en issjéjékels historia 
bh kort. Desto mera anmirkningsvird ar den patagliga erosionen. En 
sadan utmirkte ocksa de av Caldenius (1942) beskrivna framstétarna i 
Halland, vilka, mot bakgrunden ay Nilssons (1942) vid samma mite 
pavisade issjéar, méjligen kunna ges en liknande tolkning, beroende pa 
graden av samtidighet. Issjén verkade dir efter en bredare front men 
pa grund av det stérre vattendjupet starkast 1 dalarna. Ahlmann fram- 
hdll vatteninfiltrationens betydelse for isens rérlighet. 
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Isstrémningen enligt blocken. 


Hallskulpturen kompletteras av blocktransporterna. Hillstudierna 
ge ensamt den precisa upplysningen om isdelarens sista lige samt de 
olika vandringarnas historia. Men de skulpturer, som skulle visa isdela- 
rens yttersta lagen 1 dster och viister, maste, Atminstone i stor utstriick- 
ning, ha utplanats av de senare ismassor, som i riktning fran isdelar- 
omradet med utait dkat erosionsbelopp dverstrémmat nimnda ildre 
ytterligen. Aven blocktransporterna ge oss minimimatt, men med 
gynnsamt beligna klyftorter for ledblock dkas méjligheterna. I fére- 
varande fall ha blockstudierna viisentligt utvidgat den genom skulpturen 
hittills kinda amplituden saval at vaster som at dster och dessutom 
visat, att aiven dststrémmen, vars spar varit svara att uppticka pa 
hdjderna, fort ostliga block upp pa de hégsta fjallen. 

Det var for mig helt dverraskande att i Nasafjall finna en massformig 
granit och fér undersdkningen virdefullt, att denna visade sig saval 
med hansyn till den siiregna petrografiska karaktiiren som till fore- 
komstens begriinsning vara férstklassig som ledblock. Det ar en helt 
annan typ an laglandets réda graniter. Den i Nasafjall pa svenskt om- 
rade anstaende, mest grova men ibland finkorniga bergarten ir en ljus 
biotitgranit, vars biotitpartier e] utgéras av enhetliga korn utan av en 
fin gyttring. Mikroskopiskt visar den sig enligt hemférda stuffer titanit- 
rik med nagot primar epidot. Zenzén har nirmare beskrivit den (1927 
s. 362). I nagon del av Nasafjall maste graniten dock vara hornblande- 
forande, emedan Térnebohm (1878 s. 169) karakteriserar den som sadan. ° 
Enligt Rekstad (1913 s. 29) och efter honom Holmsen (1932 s. 44) ar 
detta fallet pa norsk sida. »Fra Gubbeltaga (forsta dalgang W om Nasa) 
henover mot Nasa forer den i stor udstrekning hornblende.» W och NW 
om Gubbeltaga upptrada enligt Oxaal (1919 s. 28, 29) andra typer. En- 
ligt Vogt (1900 s. 143) air Nasagraniten i allmanhet starkt pressad. 

Om den massformiga granitens utbredning giller, att den 1 Nasa- 
fjalls sédra och éstra sluttning knappast nar ner till bergets fot men at 
NE enligt Svenonius pl. 18 kilformigt avsmalnande foéljer riksgrinsen 
ett stycke upp pa Svangsfjallet. Alla omgivande berg aro uppbyggda 
av »gnejs, granulitskiffery (starkt resp. mycket starkt pressad fjall- 
granit, sannolikt av nasamagman, flackt vixellagrande med tunnare 
led av ildre skiffrig berggrund). En massformig granit (av nasaberg- 
artens utseende) anstir enligt Svenonius pa svensk sida forst 1 
Garremtjakko vid Graddis, med sydgriins 7’ N om vart kartomrade 
och ostgriins 15°58’ O. L. (jfr Holmquist 1900 s. 91, 243 och tavla 3). 
En av Svenonius i Laisdalen med granittecken utmirkt liten fore- 
komst har jag besdkt och funnit besté av pressad fjillgranit. 
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Ovannimnda, fran Nasafjill niémnda bergartstyper aro vanlig 


sisom block i Laisdalen med dess bidalar (lokalerna a pa kartan). 
4 
Som exempel pa ostliga och vistliga block i hégt lige viljer jag Svaipa, som ar hégsta 
fjall pa Laisdalens sydsida (1 426 m). Uppe pA Svaipas vida topp-platé iakttogos i forbi- 
giende manga block av ostligt ursprung, inte bara av laglandets graniter (7 block) och 
tiickande syeniter (5) utan jimviil av Laisvalls sandstensserie (7), sarskilt det gréna arkos- 
konglomeratet (5) samt som viistliga block en eller annan fjallgranit. I detta starkt lay- 
klidda blockhav av huvudsakligen fjallets egen kvartsit forbigar man litt ev. block ay 
Nasafjiillets vita granit. Jag har dirfor gjort en studie bland de rennétta block, som upp- 
bygga den milsvitt synliga jittelika lavinkiglan i en bickriinna fran Svaipa och Ertek- 
tjikko, 25—100 m éver Laisans yta (a pd kartan). I denna lavinkigla, som sélunda har- 
stammar fran Svaipa- och Ertekfjillens platahéjder och sammansittes ay material fran 
savil dessas egen frostspriingda berggrund som deras mordn, gjorde jag en riikning ay alla 
under en och samma tid patriffade block av eruptivbergarter och arkoser. Listan ar 
fdljande: 8 nasagranit, 22 laglandsgranit, 8 groént arkoskonglomerat, 31 syenit- och gra- 
nitmylonit fran Laisvalls undre éverskjutningsskalla, 6 amfibolit av typ, som anstar pa 
1 393 m i Svaipas ostsida, 1 dito av typ funnen i lavinkigla pa Svaipas SE-sida. Nasa- 
graniten dr representerad av 5 block identiska med proverna av den epidotforande 
biotitgraniten i Nasafjall, 2 iro pressade led ay densamma och | air hornblandeférande, 


Vid mitt foredrag i Uppsala den *5/, 1943 upplyste professor Backlund, 
att han pa atervig fran Nasafjall till Vindelalvens dalgang patraffat 
ett block av Nasagranit SE om Nasafjall, se kartan. Detta meddelande 
tillmater jag stort virde. Blockets héjdlaige i évre sluttningen av Kar- 
gasetaive visar, att det icke har transporterats dit av en dalglaciar utan 
av en is tillrackligt maktig och oberoende av orografien for att 6ver- 
tvira Silbojaurs dalgang. 

Professor Backlund har senare ocksa haft vinligheten uppgiva 2 a 3 
forekomster (b) av en bergart, av vilken jag langre ner vid Laisilven 
patraffat en smal men meterlang sexsidig pelare, morfologiskt pamin- 
nande om en ytlava men mikroskopiskt av nirmast kvartsitisk sam- 
mansittning. Den verkliga klyftorten torde finnas inom samma zon, 
kanske langre at NE. 

Under mina blockrikningar vid Storlaisan kinde jag icke Nasagrani- 
ten. Men flera block har jag dir provtagit, som jag nu kunnat identifiera 
med den pressade fjillgraniten 1 Laisdalens dversta del (c). Och block 
av Svaipas fjallkvartsit (d) aro mycket vanliga pa stranderna av Stor- 
laisan och bergen diiromkring. 


Sammanfattning. 


Av hiallskulpturen och blockrérelserna lings Laisdalen har samstam- 
migt framgatt, att isdelaren vid nedisningens bérjan haft sitt lage langt 
vasterut i fjallen, atminstone vid vattendelaren och troligen ett stycke 
vaster darom, pa norskt omrade. Diarefter har den férflyttats at dster, 
minst sa langt som ett stycke in pa granitterrangen vid fjallranden. Har 
saknas annu undersdékningar. Men da isdelaren Annu under 3:e fas, som 
betecknar ett stillestand under ett framskridet stadium av avsmiltning 
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(ra-tid?), enligt lokal 46 vid Hornavan annu lag pa granitterringen, bir 
den under den maximala utbredningen ha legat betydligt dstligare. 

Fran sitt dstliga liige drar sig isdelaren under den fortsatta allminna 
avsmiltningen ater in i fjallen, inom vart kartomrade till omkring 
16° 45’ O. L. 

Hallskulpturen har visat, att isdelarens férsta vistliga liige — aven 
om icke hela tiden det allra viistligaste — haft en mycket stor varaktig- 
het jamfért med det ostliga laget. Darmed dverensstiimmer ocksa, att 
strommen fran SE, vars rikliga leverans ay granitblock till fjallomradet 
far stillas i samband med det dverskridna granitbiltets bredd, limnat 
kvar vid fjillranden en riklig forekomst av fjallblock, som transporterats 
ned av den férsta strémmen fran NW. Sarskilt vill jag framhava blocken 
av den vita fjillkvartsiten, som anstar endast i ett relativt smalt bilte 
tvars éver dalgangen och sa vistligt, att det enligt hallskulpturen 
oméjligen kan ha passerats eller ens natts av isdelaren under dess 
atervandring motfjills. 

Diarav maste folja, att isens stora laglandséversvimning med utbred- 
ning pa kontinenten utgjort en forhallandevis liten del av den sista ned- 
isningen. Innebérden dari, liksom ocksa fragan om hur pass representa- 
tiv den undersékta profilen kan anses vara, skall upptagas 1 annat sam- 
manhang (1943 b). 


Isdelarzonen, vars refflor tidigare nirmast givit bilden av ett virrvarr 
ay rorelser hit och dit, visar sig vid systematisk hillanalys vara ett inne- 
hallsrikt dokument for kunskapen om sirskilt de betydande delar av 
var istid, som icke varit atkomliga for hittills tillampade geokronolo- 
giska metoder. Detta kan siigas med sa mycket storre skal, som isdelar- 
omradet synes vil avspegla fiven avsmiltningstidens samtidiga pro- 
cesser vid och utanfér isranden, vilkas tidsféljd ar val kind genom 
den svenska geokronologien. 


Zusammenfassung. Eisscheidenstudien am nérdlichen Polarkreis. 


Man hat immer angenommen, dass eine Felsskulptur in der Form von Rundhéckern 
und Schrammen aus den friiheren Stadien der letzten Vereisung Skandinaviens unmog- 
lich erhalten sein kénne (Enquist 1918 S. 23), ja nicht einmal aus der Zeit der maximalen 
Vereisung (Sjégren 1909 S. 111). Verf. hat ein Profil durch die bottnische Abdachung des 
Kélen untersucht und fast dem ganzen Profil entlang eine glaziale Felsskulptur aus der 
Zeit vor der extramontanen Verlegung der Eisscheide nachgewiesen. Da diese friihe, 
einer westlich intramontanen Eisscheidenlage entsprechende Skulptur die glazialen 
Formen der Héhen mehr beeinflusst hat als diejenige der extramontanen Hisscheidenlage, 
welche zeitlich der Flachlandvereisung entspricht, so folgt daraus, dass die Flachland- 
vereisung nur einen verhaltnismissig spiten Teil der letzten skandinavischen Vereisung 
auszeichnet. Das wird Konsequenzen fiir die Deutung der Randseen haben und einen 
Vergleich mit der quartaéren Vereisung Patagoniens erméglichen, wo Verf. friiher eine 
westliche Eisscheidenlage nachgewiesen hat. 


14—430060. G. F. F. 1943. 
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Notis. 


Diabasgingar och gingdalar i trakten av Tisaren. 
Av 


ARVID BERGDAHL. 


Under morfologiska rekognosceringar i Tisarens omgivningar i Nirke 
sommaren 1941 rakade jag pa en diabasgang, som vickte min uppmirksam- 
het, dels emedan den trots sin bredd och uthallighet ej var kind av geol. 
kartbladet (Breven), dels emedan den i ovantad grad visade sig vara bestaim- 
mande fér de topografiska dragen lings densamma. Fyndet blev anledning 
till blockstudier fiven 1 omgivningarna savil S som V om Tisaren, varunder 
ytterligare fyra gangar blevo funna. Dessutom har en stark frekvens av stora 
diabasblock observerats pa ainnu en lokal, dar emellertid moderklyften icke 
hunnit bli avsléjad. 

Dovragangen. Nyképingsans kiillsjé, Tisaren, har endast obetydliga till- 
fléden. Det viktigaste kommer fran V och upprinner i en markerad sprickdal, 
Dovradalen, som i ung. nordlig riktning genomskiar ensliga skogstrakter pa 
grinsen mellan de tre socknarna Lerback, Viby och Snavlunda. Dalen, som 
iN gar anda fram till hallsbergslinjens férkastningsbrant och ar ung. en halv 
mil lang, hyser tre langstrickta sjéar, Norra, Mellersta och Sédra Dovrasjén 
samt langst iS den lilla Lersjén. Till sin allmanna habitus avviker den knap- 
past fran en mangd andra dalar, som i samma huvudriktning genomsatta 
tisarebackenet och dess omgivningar, aven om den ar mera utpriglad och 
uthallig an flertalet andra. 

VNV om gardarna vid Dovra gar en kort tvardal at V anda fram till Dovra- 
sjOarnas avlopp, genom vilken man bekvaimt kommer in 1 Dovradalen, som 
sirskilt N harom begransas av héga bergstup pa bada sidor anda fram till 
namnda férkastningslinje. Féljer man nu dalen at N, star man snart framfor 
en jiamn asrygg, som héjer sig fran dalens botten (Fig. 1). Vegetationen pa 
asen réjer en naringsrik jordman, vilken ocksa tidigare lockat. till odling, 
och stenrésen félja dalen ett par hundra meter. Blocken i dessa visade sig 
nistan undantagslést besta av diabas. 

Efter siadana rika blockfynd var det ej svart att finna den fasta klyften, 
om iin lokalerna mestadels lago dolda av vaxttacket. Det ar en blagra medel- 
grov olivindiabas med omkring 2.5 mm langa plagioklastavlor. Blocken 
aro vanliga anda fram till sydindan av 8. Dovrasjén, dar gangen tydligen 
fortsitter ut pa bottnen. Langre at N ha blockmaterial och berggrund icke 
nirmare undersékts, varfér det annu ar en 6ppen fraga, om diabas- och dal- 
gang aven i fortsattningen féljas at. 

Diabasgangen har ryggform endast en kort striicka, varefter den at N 
smaningom évergar i en terrass lings den éstra bergvaggen, medan backen 1 
sin nedskurna fara foljer den vastra. Genom slingrande rorelser at motsatt 
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Fig. 1. Diabasgangen i Dovradalen. 


hall byta sedan terrass och biackdal plats tva ganger, varigenom den sist- 
namnda alltsa lika manga ganger 6versneddar diabasgangen. 

Vid é6vergangen mellan dalbottnens as- och terrassformiga del uppmiattes 
en tvarprofil. Dalens bredd var 55 och stérsta djup 18—19 m. Upptager 
diabasgangen hela dalens bredd, eller hur stor ar dess maktighet? Dar pro- 
filen skar biacken, som hir rinner lings vastsidan av dalen, ar denna nedero- 
derad 1 gnejsen, men endast ett par m O diarom eller omkring 5 m O om berg- 
branten sticker diabasen upp vid terrassens bas. En liknande iakttagelse 
gjordes 125 m 8 om 8. Dovrasjén. De yttre agentierna, framfér allt exara- 
tionen, ha alltsa ej arbetat endast pa djupet utan aven breddat dalen, vilket 
gynnats av en stark forklyftning i gnejsen lings salbandet. Har har ocksa 
djuperosionen kunnat satta in med stérsta effekt. Vid Gstra bergvaggen 
miarktes ingen klyftzon, men berggrunden var dold pa dalbottnen intill. 
Man behéver emellertid ej férutsitta, att den tektoniska spanningen utlésts 
utefter mer an ett rérelseplan i den tranga dalen, det som angives av bickens 
lage. Likval har iven hir erosionen astadkommit nagon breddning att déma 
av bergvaggens utseende och saknaden av diabasrester. Gangens maktighet 
kan darfér uppskattas till omkring 40 m. 

Fisklosengangen. Kn skarning vid vaigen SO om den lilla sjon Fisklésen 
(SO N. Nyckelhult i Lerbicks socken, Fig. 2) lockade till granskning, emedan 
den hyste rikligt med knytnavstora rundade block, koncentriskt skalvittrade 
pa for diabaser kant sitt. Morinen, som iven innehdll stérre kantiga dia- 
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Fig. 2. Klipp ur konceptbl. Siivstaholm SV med inlagda diabasgangar. F = Fisklésen- 
gangen, T = Tvittsjégangen, Bl = Blomsterhultsgangen, K = Kolslattsgangen, Br = 
Brevengangen. +++ tnecene = Brevengangens griinser enligt geol. kartan. Skala 1 : 67 000- 


basblock, gav intryck av lokalmoriin, varfér fast klyft e} kunde vara langt 
borta. Den antriffades ocksi nagra tiotal m NV och NO om grustaget. 
En annan lokal med kontraktionssprickor angav gangens ungefarliga riktning, 
och denna kunde sedan med hjalp av en rad andra blottningar, aven kontakt- 
fynd, preciseras till N 50° V. Bland inneslutningarna mirktes en tva m tjock 
gnejslins, som brant och tvart héjde sig 2—3 dm éver den omgivande dia- 
basen, framvittrad ur denna. Kontaktlinjen sneddade har ej rakt éver 
gnejsens ostvistliga strykning utan gick 1 sicksack, omvaxlande féljande 
strykningen och normalen till denna. 

Diabasgangen pekar at NV mot Fisklésen, vars botten den torde bilda. 
Spar av en kontakt ar funnet vid norra stranden. Rekognosceringen fortsattes 
at SO, dir en skarpare utskuren dal med gél och karrmarker tog vid. Berg- 
branten langs dess SV-sida visade inga diabasrester och ej heller nagon 
klyftzon, medan daremot den motsatta dalsidan hade en intressant kontakt- 
yta blottad. Denna ar ung. 100 m lang, 3—4 m hég och hanger nagot 6ver at 
SV med en stupning av 70°, N 40° O. Dalen blir djupare at SO, men bergviig- 
gen évergar dir snart i en rasbrant. Den dverhangande bergvaggen ar i stor 
utstrickning klidd med finkorniga diabaslameller av nagra fa cm tjocklek. 
Har har magman tringt in i sidostenen pa klyftfogar, parallella med huvud- 
gangen. Rasbranten bérjar just, dir en fran N kommande klyftfraktur 
genomskir bergvaggen och astadkommer ett belysande tviarsnitt (Fig. 3). 
SO om detta ligga hégre laterala partier av gangen delvis kvar, skyddade av 
den éverhingande gnejsvaggen. 

Den genom diabasens bortskaffande uppkomna dalgangen fortsatter rakt 
at 850° O, tills den utmynnar i myrmarkerna vid Mérntarn. Eruptivgangens 
maktighet torde snarare éver- an understiga 30 m. 

Tviittsjogangen. Frain Mérntairnsmyren utstrala mot Tisaren tre sprickdalar 
(Fig. 2): Gropdalen, i vilken en gren av Kroksjén ligger, Fisklésendalen, som 
nyss omtalats, samt mellan dessa ett mindre dalstrak 1 N 25° V, som inmynnar 
i Morntiirnsmyren 200 m O om Fisklésendalens mynning. Det namnda dal- 
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Fig. 3. Tvarsnitt genom dalens NO-v igg vid Fisklésengélen samt en klyftzon, som féljer 
dalen. D = smala diabasgangar. 


straket har uppkommit pa samma satt som de férut beskrivna. Redan 40 m 
fran myrkanten ar diabasen frameroderad i en back. I denna dal ar det 
pataglt, att den kraftigaste upprensningen i huvudsak skett utefter gangens 
SV-flank. Dalbredden varierar, mest beroende pa hur stor del av gangens 
bredd, som nedbrutits och bortférts. Belysande ar lokalen 150 m N wi Karls- 
lund (konceptbl.), dir dalen har en bredd av 15 m mellan de brant uppstigande 
bergvaggarna: gnejsen i SV, diabas i NO. Har kvarligger namligen till jamn- 
hojd med dalens omgivningar en 17 m miktig diabaspacke, blottad till nar- 
heten av NO-kontakten, och dirmed skulle hela gingbredden bli hégst 32 m. 
Strax intill smalnar den grunda dalen till endast 6 m. 

Utmed dalens NO-sida aro brant stupande diabasvaggar vanliga och falla 
i 6égonen genom sina slata och plana ytor. Tydligen har upprensningen Agt 
rum utefter de lingsgaende kontraktionssprickornas branta plan, som stupa 
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75—80° mot ONO, varigenom bergviiggen aiven har blivit nagot dverhingan- 
de. Dylika sprickor ha observerats pa flera stillen, dir de uppdelat bergarten 
i parallellepipediska block, vars staende langsidor gi parallellt med dalen, 
medan de bada dvriga planen ligga ung. vinkelritt diremot. Vittring och 
erosion ha har kunnat arbeta med stérre framgang an utanfér diabasgingen 
och desto snabbare ju battre kontraktionssprickorna kommit till utbildning. 
Dessa gangar ha tydligen utgjort svaghetsbiilten i berggrunden och detta 
ej enbart genom forekomsten av kontraktionsytor utan annu mer dirigenom, 
att utefter gangarna den tektoniska spiinningen utlésts under bildning av 
forklyftade rérelseplan, ofta lings ettdera salbandet, och dessa ha givetvis i 
forsta hand varit vigledande fir de exogena krafterna. 

Dir gangen skiir vagen (600 m SO ti N. Nyckelhult), dir ena kontakten vil 
exponerad, visande strykningen N 25° V. Dess bredd ar 25 m. Hittills har 
gangen varit dalbildande, iiven om sinkan bitvis varit smal och grund, men i 
fortsittningen at NV ir till en bérjan denna egenskap ej framtriidande. Nu 
genomsitter den sydvistsluttningen av en héjd, dar ena kontakten kan 
lokaliseras pa metern. N Tviittsj6myren fdljes gingen ater lings sydvastra 
sidan av en liten smal men vil markerad dalstriickning, i NO ofta begransad 
av diabasens plana bergviigg. Pa férkastningsbranten mot Tisaren synes 
gangen ligga helt dold under morinen. Endast lésa block ha antriffats, 
daribland ett meterstort naira sjéns strand. 

Blomsterhultsgangen léper i huvudsak lings stigen N. Nyckelhult—Svartsjén 
och har riktningen N 70—80°O med svagt slingrande eller sicksackformigt 
lopp. Den ar féljd endast mellan Tvattsjégangen i V och Gropdalen i O och 
air under denna striicka hégst 18 m bred. Stupningen har icke varit atkomlig 
fér matning, da gangen ej ar dalbildande. Smirre bergrannor fran N i is- 
rorelseriktningen 6vertvira diabasen utan att ta nagot imtryck av denna. 
Gangen fr av intresse, dels emedan den stryker ung. parallellt med den stora 
tisareférkastningen, dels emedan deni O nar fram till en av de mest utpraglade 
sprickdalarna § om Tisaren, Gropdalen (Gropedal). Den har kunnat féljas 
under vegetationen anda fram till dalens vastra brant men kunde vid en 
hastig granskning av den motsatta dalsluttningen ej aterfinnas. Om detta 
beror pa att den férenar sig med en annan gang i Gropdalen eller att en for- 
skjutning 4gt rum mellan blocken lings denna sprickzon eller att den slutar 
blint ar alltsa annu oavgjort. 

Kolslittsgangen. Upptickten av nimnda diabasgangar férde givetvis 
tankarna till Brevengangen, vars vastra inde pa bladet Breven ligger 16 km 
fran Dovragingen men endast 4 km fran Mérntarn och Gropedal. Da direkt 
konnektering ansigs méjlig men den disponibla tiden var kort, gjordes tva 
dagars férsék att finna den felande linken naérmast Brevengingen genom 
att inventera grustag och skirningar langs vagarna. Ett lovande uppslag 
gavs 1 km O om garden Kolslatt, dir vigen gravts genom en i nordlig riktning 
utstrickt morinbank, innehallande rikligt med diabasblock. 50 m N om vagen, 
som hiir féljer en ostvistlig dalsiinka, var den pa bottenvegetation fattiga 
sluttningen belamrad med fritt liggande block, mest av diabas, lings en 
100 m lang ostvistlig front. I isrérelseriktningen at N stacktes snart fér- 
hoppningarna att finna moderklyften av en tvdrande gnejsrygg. Spanings- 
radien maste sviingas upprepade ginger anda till vasthg riktning, och slut- 
ligen lyckades jag fmna en lag, nastan Overvuxen berghall, till stérre delen 
bestaende av diabas, dir det var méjligt att pa metern fixera gangens norra 
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grins, Da ledblocken ett par hundra meter at O lago alldeles inpa den i N— 


uppstickande gnejsryggen, kunde riktningen ratt val preciseras till N 75 
4 80° V. Maktigheten torde uppga till minst ett 50-tal m. Gangens sédra 
flank ligger i bottnen av den diffust utbildade dalen. 

Diabasgingen féljdes nu at O, och da riktningen var kind, vallade detta 
ingen svarighet. Lings vagen till Havde vagskal, forst pa norra sedan pa 
sédra sidan, antriiffades den pa flera stillen, tills den vid vigskélet dék ner 
under en myr. Dess uppspirande pa andra sidan denna sag ut att krava for 
lang tid. Kanske var det littare att konnektera fran O, fran Brevengangens 
vistra ande. 

Brevengangen visade sig hir vara ganska bristfalligt karterad pa geol. 
kartbl. Pa detta sviinger gangens nordgriins fran Rivsjén i sydvastlig rikt- 
ning, vilket ej dr fallet. I verkligheten gar den fran sj6ns norra strand nastan 
rakt at V(N 85° V) fram till Lévsjéarnas avlopp (Lévsjédalen) féljande skogs- 
vigen. Denna gor vid bicken en skarp krék at SSO och inramar tillsammans 
med geol. bladets diabasgrans en liksidig triangel med 500 m sida, vars berg- 
hallar karterats som gnejs. Alla dessa jarte d6vriga inom omradet ej tidigare 
observerade utgéras av diabas. Annu vid Lévsjédalen ar alltsa Brevengangen 
alltfort 500 m bred. Hirigenom kommer dess nordgrins att stryka rakt 
mot Kolslattsgangen. 


Sa langt var allt gott och val. Nar det sedan gillde att finna diabasens — 


fortsittning V om dalen, blevo forsdken fruktlésa, méjligen beroende pa den 
ofullstandiga rekognosceringen. Méjligen kunna vissa iakttagelser, bl. a. 
roérande den kalcitbreccierade diabasmantel, som beklider Brevengangens 
vastiinde, ge stod for den uppfattningen, att en event. fortsittning at V av 
en eller annan gren fran huvudgangen férflyttats genom férskjutning av den 
mellan Lévsj6- och Havdedalen liggande bergribban. 

Foreliggande fragmentariska framstillning ir — fransett den ofullstandiga 
gangkarteringen — avsedd att framhiva det for omradet viktiga spérs- 
malet dalgang—gangdal. Givetvis kraves omfattande systematisk rekogno- 
scering, innan ens de viktigare diabasgangarnas forekomst och straickning 
hunnit bli utredda, men férst darigenom blir det méjligt att bedéma den 
betydelse, som gangarna kunna ha haft for de aktuella sprickdalarnas anlagg- 
ning i trakten. Sannolikt délja sig i dessa isolerade delar ay det gamla Tylé- 
skog atskilliga gangar under skogarnas tata vaxttiicken och dalarnas karriga 
och sjérika bottnar, men de torde ofta vara omdjliga att avsldja. 
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Motet den 4 mars 1943. 


Narvarande 39 personer. 


Ordféranden, hr Helmer Hedstrém, meddelade, att styrelsen till 
nya ledaméter av Féreningen invalt bergsingenjéren Carl-Ingemar 
Sahlin, Malmberget, foreslagen av hrr Geijer och Zenzén, och e. adjunk- 
ten fil. mag. Esbjérn Carlson, Boras, foreslagen av hrr Troedsson och 
Sahlstrém. 


Professor G. Aminoff hade pa sin 60-ars dag den 8 februari upp- 
vaktats genom styrelsen. Med anledning hirav hade en tacksamhets- 
skrivelse inkommit fran hr Aminoff. 


Med Geografiska Forbundet hade traffats Overenskommelse om 
gemensamt sammantride den 10 mars 1943. 


Revisionsberattelse 6ver styrelsens och skattmistarens forvaltning 
under ar 1942 fdredrogs, varefter av revisorerna tillstyrkt ansvars- 
frihet beviljades. 


Sammandrag avy Geologiska foreningens rakenskaper for ar 1942. 


Debet. 


Balans fran 1941: Reservfondens konto ......... lr, LOS7315,63 
Lotterifondens konto ....... « + .%; 10,000:— 99.731.63 


Inkomster under ar 1942 


Reservfondens konto, rintemedel ........ et, KT. 322: 21 
Lotterifondens » See ee ee or ye a 490: 39 
UES to et Ge a eR a ana Poa, se’) 376: 56 
Trycknings- och korrigeringsbidrag ........ 2 ee by 82,7972 
Forsiljning av foreningens forhandlingar. .... . ila youn > 479; 75 
BEPICS DIOLS fae. 2 cue ele «6 6 +s » 1,600: — 
Bidrag av “Jernkontores ....... » 1,000: — 
Portoersittningar . ere ates oa ie ak gat he ue ale al 42; — 
Arliga ledamotsavgifter . Ry, eee ie oe ie 29.293, 9535/00 
Stindiga ledamotsavgifter .......-. + ala ted apts ap Pee BOOT Sen 1 TO baal 


Utgaende balans: 


Skuld till P. A. Norstedt for tryckning ....... . . kr. 2,088:20 9.088: 20 
Summa kronor 34,381: 24 
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Kredit. 
Utgifter under ar 1942. 

GF. B, 1941, rest tryokming™ 3°... « 5 5 * else eens kr. 1,477: 15 

» 1942, tryckning betald ..... kr. 7,329: 55 

» ey » Qeuldene. 2° 5 » 2,088: 20 

» y Sptieligneertcy) wee Oho i eres » 1,392: 05 

» hc SOOT Ce aia s Moe pia Pic «4 ae ina » 96: 90 

» * , revue annnels = 4°.". 4 » 301: 50 

» Pye CLIPUDTOMTCLOM vhf tx +) ee ge » 362:59 y 11,570: 79 
Hxpeditionskosinader <4) 5. + + «3 «5 «le i 2 eee » 366: 87 
Sammantradent \-ss0% 2) Ses w! « 5) sea gree oe ere » 257: 85 
IDS VGISR . capitan ie honey ee bei a Ne otk sos eee ae > 126: 95 
ATVOGER SA, Wha on belinGls Vote a) ot We Ae eh e gee er » 1,350: — 15,149: 61 

Utgaende balans: 

Resertondens konto 5. sever SSS 2S ae ig eee kr. 11,231: 63 
Lotterifondend yy Gaia, eine haute de) & SS eee » 8,000: — 19931: 63 


Summa kronor 34,381: 24 


Foreningen beslot inga med ansdkningar dels till Kungl. Maj:t om 
ett statsbidrag 4 1,600 kronor, dels till hrr fullmaktige i Jernkontoret 


om ett anslag av 1,000 kronor sasom bidrag till fortsatt utgivande av 


Foérhandlingarna under ar 1943. 
Hr Ljungner holl ett av talrika ljusbilder belyst foredrag om I s d e- 


larstudier vid polcirkeln. En uppsatsi amnet ar intagen 


i detta hafte av Foérhandlingarna. 


Med anledning av foéredraget yttrade sig hrr A. Gavelin, Geijer, De 
Geer och lic. C. Mannerfelt samt féredraganden. 


HrA. Gavelin uttryckte sin tillfredsstallelse 6ver att foredraganden upptagit 
detaljundersékningar inom dessa tidigare endast dversiktligt studerade trakter 
och han hade med stort intresse féljt redogérelsen fdr de férut foga beaktade 
glacialmorfologiska detaljer som féredraganden skickligt framletat. 

Betriffande isdelaren och dess férflyttningar hade man vid de tidigare 
undersékningarna, sarskilt talarens, mast lagga huvudvikten pa studiet av 
blocktransporterna, alldenstund dessa littast kunde ge besked om huru langt 
dsterut som isdelaren under den sista landisens slutskede atminstone maste 


hava natt. Att den under ainnu aldre skeden av den sista nedisningen troligen ~ 


maste ha legat vida lingre ésterut kunde da postuleras men icke direkt be- 
visas. De pa talarens, liksom andras, aldre kartor angivna isdelarlaget beteck- 


nade alltsa minimiliget mot dster under ett visst icke nirmare fixerat men 


dock ganska tidigt skede av landisregressionen (och innan annu fijallen i 
nagon stérre utstrackning blottlagts). Att isdelaren med avsmiltningens 
fortskridande sedermera férflyttades allt mera mot fjallen i nordvast framgick 
ju ocksa av manga forhallanden inom de olika floddalarna. Fér Lilla Lule alv 
hade tal. kommit till den uppfattningen, att den sista isdelaren maste hava 
ryckt tillbaka anda till vattendelaren mellan Lilla och Stora Lule Alvar, 
e:a 6 mil NW om Kvikkjokk. 
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Av stort intresse vore enl. talarens mening att fi konstaterat huru langt 
osterut som landisen natt sedan isdelaren ater férflyttats till hdgfjillsom- 
radena. Sirskilt Lilla Lule dlvs dalgang torde limpa sig fér sidana studier. 
Efter denna dalgang funne man nimligen en mingd fjiillbergarter, diribland 
sirskilt de utomordentligt karakteristiska bergarterna fran Ruoutevare- 
omradet, pafallande rikligt i moriin och rullstensgrus ainda sa langt ned som 
talaren haft tillfille géra iakttagelser diiréver, d. v. s. Atminstone ned till 
Murjektrakten. Det vore av intresse att utréna, om det finnes nagon mar- 
kerad nedre (éstlig) griins for denna blocktransport fran fjallen. : 

I detta samband ville talaren ocksa framhalla, att han ofta frapperats av 
den icke ringa frekvens av réda sparagmitsandstenar och kvartsiter fran de 
éstligare fjillomradena, vilka férekomma Anda ned i Umea-trakten och i 
Angermanlands kustomraden. 

Av sirskilt intresse vore det av féredraganden berérda problemet om de 
morintickta sedimenten, férst beskrivna fran Ostersundstrakten men nu 
kinda fran si manga lokaler inom ett visst N—S:ligt balte, att de maste sittas 
in i ett regionalt samband. Tal. hade sjilv fér linge sen framgrivt en mingd 
lokaler i Vilhelmina s:n, sedan ha nya kommit fram dir, och slutligen har 
Erik Granlund i Stenseletrakten funnit likartade. Liknande sediment kan- 
ner man ocksa fran nedre delen av Stréms Vattudal. Dir férhallandena kun- 
nat nirmare undersékas, tyekes iven vid dessa nordligare forekomster fére- 
ligga analoga skillnader i moranens sammansattning ovan och under sedi- 
menten. Sedimentens stiallvis betydande miaktighet forutsitta en avsevard 
avsittningstid, i Vilhelminatrakten atminstone nagra hundra ar. De markera 
tydligen ett problem av ganska regional betydelse och i hég grad fértjaint att 
upptagas till detaljerad utredning. 


Vid métet utdelades nr 432 av Forhandlingarna. 


Métet den 10 mars 1943. 


Narvarande 36 personer. 
Métet hade anordnats tillsammans med Geografiska Forbundet. 


Hr G. Lundqvist héll ett av skioptikonbilder belyst foredrag om 
Den regionala férdelningen av Norrlands lésa 
jordarter. 


Foéredraget utgjorde en granskning av de skilda jordartstypernas 
forekomst samt en beskrivning till foredr:s karta 6ver Norrlands jord- 
arter i »Norrland», utg. av Geografiska Férbundet (Ymer, 1942). 


Med anledning av foredraget yttrade sig hrr Tamm, Simon Johansson 
Eneroth, Beskow, Caldenius, Halden och féredraganden. 


‘ 
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Motet den 1 april 1943. 
Niirvarande 38 personer. 


Ordféranden, hr Helmer Hedstrém, éppnade métet med foljande 
anforande: 


Sedan vart foregiende sammantride har meddelande ingatt, att tva 
av Féreningens utlindska medlemmar avlidit. 


Sir Henry Miers avled den 10 december i sitt hem i West Hampstead 
i en alder av 85 ar. Han var ursprungligen humanist, med gedigen 
utbildning fran Eton och Oxford, men blev darefter matematiker. 
Ifran Oxford kom han till British Museum’s mineralogiska avdelning, 
blev sedermera larare i kristallografi och slutligen, ar 1895, professor 
i mineralogi i Oxford. Ar 1908 blev han rektor vid University of London 
och 1915 vice kansler vid universitetet i Manchester, dir han kvarstod 
till pensioneringen 1926. Under senare ar var han flitigt anlitad ay 
brittiska myndigheter for utredningar 1 museifragor. Han blev medlem 
av Royal Society 1896 och adlades 1912. I var férening var han standig 
ledamot sedan ar 1894. 


Den 27 december avled Frank Dawson Adams, emeritus professor 1 
geologi och vice rektor vid McGill University i Montreal i en alder av 
83 ar. Han var fodd i Montreal, studerade vid McGill University och 
blev, efter nagra ar 1 Canadas Geologiska Undersékning, docent vid 
McGill University och slutligen ar 1893 professor i geologi vid samma 
universitet. Under de féljande tjugu aren agnade han sig vid sidan av 
lararkallet at urbergsgeologiska studier inom den stora »Praecambrian 
Shield» 1 Canada, och han kom under denna tid att vinna erkinnande 
som en av varldens friimsta urbergsgeologer. Under sina studier av spe- 
ciellt gnejsbergarterna kom han pa tanken att genom laboratorieférsék 
sdka efterbilda de forhallanden, som utformat dessa bergarter, och han 
igangsatte tidigt en lang serie experiment, vars resultat sedermera fram- 
lades i en rad mirkliga arbeten, om bl. a. bergarters flytning under 
tryck (1901), bergarternas elastiska konstanter (1906) m. fl. Dessa 
Adams’ experiment voro de férsta, som nagonsin givit kvantitativa 
data for studiet av dessa och nirliggande problem, och férst langt 
senare ha liknande arbeten upptagits av andra. Sedan Adams limnat 
undervisningen vid McGill University, har han utgivit flera arbeten, 
varav det sista sa sent som 1938 (»Birth and Development of the 
Geological Sciences»). Han blev medlem av Royal Society 1907. Sedan 
1911 var han korresponderande ledamot i var férening. 


a 
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Till nya ledaméter av Foreningen hade styrelsen invalt gruvingen- 
joren i Norra bergmistaredistriktet bergsingenjér Y. Hagerman, Lulea, 
foreslagen av hr Bergwall, assistenten vid Mineralogisk Museum mag. 
scient. Hans Clausen, Képenhamn, féreslagen av hrr Noe-Nygaard 
och Troedsson, samt fil. stud. Sten Sture Paterson, Stockholm, foére- 
slagen av hr Troedsson. 


Fran Fullmaktige 1 Jernkontoret hade erhallits ett bidrag av 
1,000 kronor till fortsatt utgivande av Férhandlingarna under ar 1943. 


Hr Adamson hdll foredrag om En oversikt over det al- 
kaline bergartsomrade ved Norra Kirr i Sma- 
land. En uppsats i imnet ir avsedd att inféras i ett senare hafte 
av Foérhandlingarna. 


Med anledning av foéredraget yttrade sig hrr A. Gavelin, Backlund, 
Quensel, J. Eklund, N. Magnusson och Geijer samt foéredraganden. 


Geolognytt. 


Férste byraingenjér Ragnar Stahre har utnamnts till bergmastare i Sédra 
bergmiastaredistriktet. 

Docent Alfred Rosenkrantz, Képenhamn, har utnamnts till professor i 
geologi vid Danmarks tekniske H6jskole (Polyteknisk Lereanstalt) fran 
den 1 april 1943. 

Professor Helge Backlund och professor Pentti Eskola ha av Geolog- 
ische Vereinigung i Frankfurt a. M. tilldelats Stemmann-medaljen. 

K. Vetenskapsakademien har ur Hierta-Retzius-stiftelsens stipendiefond 
tilldelat prof. L. von Post for att avsluta faltarbeten vid kvartiirgeologisk 
undersékning av Viskadalen ett understéd av 4000 kr.; ur Hierta-Retzius- 
fonden fér vetenskaplig forskning lektor Gunnar Erdtman for utarbetande av 
monografi éver fanerogamernas och karlkryptogamernas pollen och sporer 
2500 kr., docent Carl Caldenius for kvartirgeologiska undersékningar inom 
sydvistra Sverige 5500 kr. samt fil. lic. Erik Jarvik for framstillning av 
plansch- och textfigurer till ett arbete om neurala endokraniet hos Kusthenop- 
teron 3 400 kr. Av akademiens resestipendier till yngre naturvetenskapsman 
for undersékning av landets naturférhallanden har fil. kand. Bengt Collini 
fér en undersékning av Visingséformationen erhallit 250 kr. 

Professor G. De Geer har fran Stiftelsen Lars Hiertas minne erhallit ett 
anslag av 3500 kr. till avléning av bitride fér renritning av diagram och 
kartor 6ver landisens recession 1 s6dra Skandinavien. 

Flormanska priset har av K. Vetenskapsakademien tilldelats fil. lic. Erik 
Jarvik fér hans arbete »On the structure of the snout of crossopterygians and 
lower gnathostomes in general». is 

Vitterhetsakademien har tilldelat fil. lic. S. Florin 4.000 kr. for tryckning 
av ett arbete »Vrakulturen, en studie éver Malardalens aldsta bondekultur». 
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Svenska Sillskapet fér antropologi och geografi har ur Andréefonden till- 
delat docent Sven Bjérnsson, Lund, 1 328 kr. for geomorfologiska studier 
inom Sydsvenska héglandets randzon mot Ostgétaslitten; docent Arne Sang 
dell, Lund, 900 kr. for fortsatt tektonisk-morfologisk undersékning av vastra 
Dalarnas porfyr- och sandstensomraden samt fil. lic. Olof Angeby, Lund, 
600 kr. for fortsatta geomorfologiska studier 1 nordvastra Jimtland. Den 
sistnimnde har for samma fndamal erhallit 500 kr. av K. Fysiografiska 
Siillskapet i Lund. } 

Fran Kungl. Fysiografiska Sillskapet i Lund (stipendier ur Jubileums-— 
fonderna och Tornbladsfonden) har vidare utdelats: till fil. lie. Lars Bjer- 
ning, for studier ver Skanes jord- och stenindustri, 200 kr.; docent Sven 
Bjérnsson, for en undersdkning av morinens terriangformer inom sédra 
Ostergdtlands skogstrakter, 100 kr.; samt fil. lic. Carl Erik Nordenskjdld, 
for fortsatta morfologiska studier inom 6vergingsomradet mellan Kalmar- 
slitten och Tjust, 400 kr. 

Lingmanska kulturfondens nimnd har utdelat anslag till bl. a. fil. dr 
J. Alin, Goteborg, for avviigning av stenaldersboplatser och fornstrand- 
linjer i Bohuslin samt prof. L. von Post for ritningsarbeten i samband 
med slutférandet av hans kvartargeologiska undersékning av Viskadalen. 

Foér vinnande av fil. doktorsgrad férsvarade fil. lic. K. E. Bergsten den 
20 april a Geografiska institutionen 1 Lund en avhandling med titeln Isilys- 
falt kring norra Vattern. 

Den 25 maj 1943 férsvarar fil. lic. Brian Mason a Stockholms hégskolas 
Mineralogiska institut en i detta hafte intagen avhandling med titeln Minera- 
logical aspects of the system FeO-Fe,0,-MnO-Mn,0;. Opponenter aro profes- 
‘sor H. von Eckermann och statsgeologen dr O. Odman. 


Sveriges geologiska underséknings failtarbeten 1943. 


Museiférestandaren A. H. Westergard leder undersékningarna éver alun- 
skiffer pa Oland. 

Statsgeologen S. Johansson utfér agrikulturgeologiska och hydrogeolo- 
giska specialundersékningar. 

Statsgeologen R. Sandegren utfér kartering pa kartbladet Séderfors. 
Extrageolog: O. Claesson. 

Statsgeologen N. Sundius undersdker tillgangar av kvarts, faltspat och 
glimmer, samt av urbergets karbonatbergarter i Sédermanland och Narke, 
och utfér nédiga kompletteringar 4 berggrundskartan dver Stockholmstrakten. 

Statsgeologen G. Lundqvist utfor kartering pa kartbladet Avesta, rekogno- 
scerar for jordartskartan éver Kopparbergs lin samt meddelar instruktion for — 
nya kartbladsrekognoscérer. Extrageologer: 4 kartbl. Avesta B. Collini, G. 
Flodkvist, EK. Fromm, 8. Gaunitz och E. Rytterberg, vid linskarteringen C. 
Larsson. ; 

Statsgeologen B. Asklund évervakar berggrundskarteringen 4 kartbladet 
Séderfors, reviderar specialkarteringen av Bohuslins granitomrade, samt 
utfér undersékningar inom andra stenindustriomraden. Extrageolog: P. H. 
Lundegardh (for Bohuslan). 

Statsgeologen G. Ekstrém reviderar jordartskarteringen pa kartbladet 
Lund samt utfor hydrogeologiska specialundersékningar. Extrageolog: N. 
Linnermark. 
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Statsgeologen O. Odman utfér malmgeologiska specialundersékningar 
inom Norrbottens lin. 

Statsgeologen 8. Hjelmqvist 6vervakar berggrundskarteringen pi kart- 
bladen Avesta och Falun samt pabérjar dversiktskartering av berggrunden 
mom sydviistra delen av Kopparbergs lin. 

Geologen J. Eklund leder undersékningarna éver alunskiffer i Narke. 

Geologen P. Thorslund leder undersékningarna éver alunskiffer i Oster- 
gotland. 

Geologen 8S. Gavelin utfér malmgeologiska specialundersékningar inom 
Vasterbottens och Norrbottens lin. Extrageolog: 0. Gabrielsson. 

Geologen O. Kulling fortsiitter karteringen pi kartbladet Falun samt 
utfér preliminiir rekognoscering av jordarterna inom Storsjébygden i Jiimt- 
land. Extrageologer 4 kartbl. Falun: A. Klementsson, E. Ahman och J. Oster. 

Geologen W. Larsson reviderar berggrunden pa kartbladet Varvik. 

Gruvingenjéren K. A. Barkenberg leder de gruvtekniska arbetena i Norr- 
land. 

Assistenten 8. Werner leder de geofysiska filtarbetena i Norrland. 

I faltarbetena deltaga vidare Professor N. H. Magnusson (revisionsarbeten 
pa kartbl. Varvik), Docent N. G. Hérner (rekognoscering for ny upplaga ay 
kartbl. Uppsala) och Docent T. Krokstrém (berggrundskartering i Myrheden- 
trakten). 

Vidare komma, efter siarskilt meddelade instruktioner, praktiskt-geolo- 
giska undersékningar i beredskapssyfte att foretagas i man av behov. 


‘il, Dr NAMA SAHLBOM 


Speciallaboratorium 


for 
Aineral-, Bergarts- och Vatten- 
analyser. 
fadioaktivitetsmatningar m. m. 


Telefon 1033 72 


riksbergsgatan 13 Stockholm 


GEOLOGIENS GRUNDER 


av professor Wiithelm Ramsay, 


3:e upplagan, omarbetad avy P. Hskola, 
Bror Asklund, G. Troedsson, M. Sau- 
ramo m. fl. 2 delar. Med 529 illustra- 
tioner. 1931. 890 sid. Ta praktiga 
volymer i stort oktavformat. ‘Till salu i 
varje bokhandel. Hiftad kr. 24: —, i tva 
klotband kr. 30: —, i tv4 halvfranska 
band kr. 36: — 


Vetenskapliga och Litteriira Verk A.-B. 
Stockholm 


Meddelande fran redaktionen. 


Enligt de nya postbestammelser, som tridde i kraft den 1 april 1943, fa pa 
korrekturen, om dessa befordras sisom korsband, inga anteckningar goras, 
som kunna tolkas sasom meddelanden. Saledes far exempelvis icke utsattas 
uppgifter om upplaga, det antal korrekturexemplar som énskas, anteck- 
ningar om omsittningar eller andringar av eventuella delar i texten, graden 
av skyndsamhet e. d. 


SVERIGES GEOLOGISKA UNDERSOKNINGS SENAST 
UTKOMNA PUBLIKATIONER ARO: 


Ser. Aa. Geologiska kartblad i skalan 1: 50000 med beskrivningar. 
N:o 178 Giivle av R. Sandegren, B. Asklund och A. H. Westergard 1939 . . 4,00 


>» 179 Forshaga av R. Sandegren och N. H. Magnusson 1937. ..... . 4,00 
» 180 Fard av H. Munthe, J. E. Hede och G. Lundqvist 1986 ...... 4,00 — 
> 181 Smedjebacken av G. Lundqvist och S. Hjelmqvist 1937 ...... 4,00 
>» 182 Lidképing av S. Johansson, N. Sundius och A. H. Westergard 1943 . 4,00_ 
» 183 Visby och Lummelunda ay G. Lundqvist, J. E. Hede och N. Sundius 1940 4,00. 
» 184 Hedemora ay G. Lundqvist och S. Hjelmqvist 1941 ........ 4,00 
Ser. C. Arsbok 35 (1941) : 
N:o 438 Odman, Olof H., Geology and ores of the Boliden deposit, Sweden. | 
With 4A8-plates 1941"; . 2. Eee ee a 8,00. 

> 439 Du Rietz, T., Nyare undersékningar inom Remdalens malmtrakt och i 
dess omgivningar. Med 4 tavlor. 1941 5 ..2..9).5) 2 eee 3,00 

» 440 Sahlstrém, K. E., Jordskalv i Sverige 1936—40. Med en karta. ; 
Resumee: Erdbeben in Schweden 1936—40. 1941 ........ 0,50 

» 441 Sundius, N., Oljeskiffrar och skifferoljeindustri. 1941 ....... 3,00. 


>» 442 Westergard A. H. Skifferborrningarna i Yxhultstrakten i Narke 1940. 
Med 3 tavlor. Kemiska analyser avy G. Assarsson. Summary: Borings J 
through the Alum shale in the neighbourhood of Yxhult in Narke : 


made in 1940" 27 ee aes en. = aye 1,00 
» 443 Gavelin, S., Relations between ore deposition and structure in the ; 
Skellefte: district 1942" . 2.8.2 2% 9S a 0,50 


Arsbok 36 (1942) : 
N:o 444 Odman, O. H., Copper ores of the >»Red beds» type from Visingsé, ‘ 


Sweden. 1949. 2-2 « w Gren Fe bes co ce ee os eee 1,00 
» 445 Kulling, O., Grunddragen av fjallkedjerandens bergbyggnad inom Vas- y 

terbottens lan. “Med 1 Karta, 1942-5. . o- <2 =) Queen eee 6,00 
>» 446 Lundqvist, G., Sjésediment och deras bildningsmiljé. 1942 ..... 1,00 
>» 447 Grip, E. and Odman, O. H., The telluride-bearing andalusite-sericite 

rocks of Mangfallberget at Boliden, N. Sweden. 1942 ...... 1,00. 


>» 448 Dn Rietz,T., Kvartsitskollorna i Ormsjé-Tasjétrakten. Med en karta. 1943 1,00 
» 449 Hjelmqvist, Sven, Stribergs malmfalt. Geologisk beskriyning. Med 3 u 
tavlor. Zusammenfassung: Der Striberger Erzbezirk. Geologische 


Beschreibung 1942 0..0.5 os © 3k eee gee ee eee 3,00 
>» 451 Brotzen, F., Die Foraminiferengattung Gavelinella nov. gen. und die 
Systematik der Rotaliiformes. Mit 1 Tafel. 1942. ........ 2,00 


Arsbok 37 (1943) 
N:o 452 Odman, O. H., Geology of the copper deposits at Laver. N. Sweden 
with plates... 1943. sa. % wis oe 5s emclceccs. Haun ee 1,00 
» 453 Hielmqvist, Sven, Die Natronreiche Randzone des Granitmassivs nérd- 


lich von Smedjebacken. Ein Beitrag zum Studium der Granitbil- 
dung. 1943 


Ser. Ca. : 


N:o 34 Molin, K., A general earth magnetic investigation of Sweden carried ‘a 
out during the period 1928—1934 by the Geological survey of 
Sweden, Part 4. Vertical intensity. With 5 plates. 1942. . 10,00 


Distribueras genom Generalstabens Litografiska Anstalt. Stockholm 1. . 


Diamond Core Drilling 


Cement Grouting 


Contractors 
and 
Manufacturers of machinery 


Svenska Diamantbergborrnings 
Aktiebolaget 


Kungsgatan 44 
Stockholm C. 


GEOLOGICAL INVESTIGATIONS 


and 


GEOPHYSICAL PROSPECTING 
FOR ORE AND OIL 


by means of 


Electrical, Magnetic, Gravimetric, 


Seismic Methods 


AKTIEBOLAGET ELEKTRISK MALMLETNING 


(The Electricat Prospecting Company) 
Kungsgatan 44, Stockholm, Sweden. 
Write for Publications. 


Geologiska Féreningens i Stockholm Forhandlingar utkor a 
med 4 haften arligen. Prenumeration mottages genom Nordiska bol 
handeln, Stockholm. } 


Generalregister till Generalregister till “4 
> 32 >» 60 > : >» 82—41>6 » 
» 6-102 4 » » 42-50 > 6 » 
> 33—64 » 20 >» + 11—31°> 83s >» B1—60 > 6 a 


ss 

Lésa haften av alla banden till pris beroende p& haftenas omfang. 4 

Medlemmar av Foreningen erh&lla genom skattmastaren de dldre banden av Forhan 

lingarna och Generalregistret till hilften av det ovan upptagna bokhandelspriset. 
/ 


hiften limnas ej prisnedsittning. (Styrelsens beslut d. */10 1922.) 


oe 


Geologiska Féreningens sekreterare, Docenten G. Troedsson, traffas i Foreningen: 
angelagenheter i bostaden Bragev. 29, Djursholm, kl. 17—18, Tel. 55 2010. Efter dvere 
kommelse per telefon kan sekreteraren dven traffas 4 Sveriges geologiska unde } 
eller & Stockholms hégskolas Geologiska institut. 


Foreningens ordinarie méten aga rum férsta helgfria torsdag i m&naderna fe 
ari, mars, april, maj, oktober, november och december. Dagen fér januarimétet bestamm 
decembersammankomsten. Anslag om féredragningslistan finnas minst 3 dagar fore si 
mantradet uppsatta p& anslagstavlorna 4 féljande offentliga institutioner: Stockholms He 
Tekniska Hégskolan, Bergshégskolan, Jernkontoret, Sv. Geol. Undersékning, Statens Meteoro 
Hydrografiska Anstalt, Statens Skogsférséksanstalt, Skogshégskolan, Statens Jarnvagars Ge 
niska avd., Statens viginstitut, Upsala Univ:s Geolog., Geogr., Paleont. och Vaxtbiol. inst. 
samt Lunds Univ:s Geol. och Geogr. inst. . 

Personlig kallelse till sammantridena utfardas p& dirom gjord framstalining 
sekreteraren. 

Hiaftena utdelas sammantridesdagarna i januari, mars, maj och november. 


Uppsatser, avsedda att inféras i Férhandlingarna, insindas till Féreningens sekrete 
Bragevigen 29, Djursholm 2. Atfoljande tavlor och figurer béra vara fullt fardiga ti 


reproduktion, di de jamte uppsatsen saindas. 
I Férhandlingarna m& uppsatser — férutom p& skandinaviskt sprak — inféras pa en 
gelska, franska eller tyska; dock vare férfattare skyldig att i de fall di Styrelsen anser 
dant énskvart bifoga en resumé pa skandinaviskt sprdk. 
Manuskript, skrivet p& frammande sprak, skall vara granskat avy sakkunnig sprikman, 
varom meddelande gires till sekreteraren. 
Darest korrektionskostnaderna fér inford uppsats uppg& till mera an 16 kronor _ 
tryckark, vare forfattare skyldig att erligga det dverskjutande beloppet, sdvida det uppga 
till minst 10 kr. pr uppsats. 
Forfattare erhiller gratis av inférda uppsatser 75 separat i omslag utan titel; y ten 
ligare ex. samt ev. omslagstitel betalas av férf. Av notiser, anmalanden och foredragsrefera 
lamnas separat endast efter sirskild Sverenskommelse. 


Referat honoreras sflunda (Foren. beslut 7/12 1911): 


l:sta sidan eller del diray ..... . . efter 20 dre pr tryckrad. 

2:dra > as Dee of ee oe el Ey > 

3:dje > Be NET 3) ae sous: wp) Oe > 

Féljande sidor honoreras icke. 
Anmilan om foredrag géres i god tid hos sekreteraren. Ny, 
Ledamiternas arsavgifter, vilka enligt § 7 av Féreningens wie es skola vara inbetalda. 


senast den 1 mars, insdndas till Foéreningens skattmistare, Dr K. E. Santsrrom, Sveriges 
Geologiska Undersiékning, Stockholm 50, till vilken Foleeeete ledamiter aven torde 
insinda uppgifter om sadeingar av adresser och titlar. 

Arsavgiften utgér kr. 15: —, avgift sisom standig ledamot kr. 200: —. Loi 


som under en féljd av minst 20 4r erlagt Arlig ledamotsavgift, kan bliva stindig ledamot 
mot en avgift av kr. 100: —. 


